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SPACE TELESCOPE COST, SCHEDULE AND
PERFORMANCE

TUESDAY, JUNE 14, 1983.

House of Representatives,
Committee on Science and Technology,

Subcommittee on Space Science and Applications,
Washington, B.C.

The subcommittee met, pursuant to call, at 2 p.m., in room 2325,

Rayburn House Office Building, Hon. Harold Volkmer (chairman
of the subcommittee) presiding.

Mr. Volkmer. The subcommittee will come to order.

Today the Subcommittee on Space Science and Applications

begins 2 days of hearings on the technical, cost, and schedule prob-

lems which have occurred with the space telescope program.
The space telescope program represents NASA's highest priority

science program and represents a very significant, if not revolu-

tionary, addition to our ability to study the universe. The subcom-
mittee continues to exhibit strong support for the successful com-
pletion of this program but is very concerned with the cost growth
and schedule slips which have occurred.

We want to review not only the events that led to this large cost

growth and the schedule delays but to also look at the program
changes which have been made to hopefully provide better per-

formance in the future.

The tragedy of this cost growth is that the additional resources

needed for the space telescope will severely impact and delay other

space science activities. The schedule delay means we will have

missed the opportunity to study Halley's comet during its voyage

around the Sun, which will come closest to the Earth in February

1986.

Our witnesses today are Dr. William R. Lucas, Director, Mar-

shall Space Flight Center; Dr. Noel W. Hinners, Director, Goddard

Space Flight Center; and Dr. Riccardo Giacconi, Director, Space

Telescope Science Institute.

Dr. Lucas, I would like to welcome you to the subcommittee.

After I ask the ranking minority member, Mr. Lujan, if he has any

statement, you may proceed with your testimony. Your full state-

ment will be made a part of the record. You may summarize, if you

wish.

At this time, I will recognize the gentleman from New Mexico

for a statement, if he wishes to make one.

Mr. Lujan. Thank you, Mr. Chairman.

(1)



I am certain that all three of our witnesses today share the en-

thusiasm for the scientific uses of the space telescope. Since we
have all been excited with previous programs and planetary explo-

ration, the ability of the space telescope to better study our own
solar system is particularly thrilling.

Add to this the ability to not only better understand our galaxy,

but to see galaxies outside our own, and one can understand why
scientists and others are all chomping at the bit to see the tele-

scope launched.
Because of this, our disappointment with the delays and cost

overruns is very acute. At this point it doesn't look like we can
make these delays and cost overruns go away, but we certainly

want to make sure there will not be any additional problems.

I believe that as members of this House Committee on Science

and Technology, we are all aware that this program, which is ex-

pected to allow quantum leaps in the field of astronomy, physics

and such, is a technical challenge.

Likewise, we are familiar with the unexpected problems that can
arise with developing instruments at the forefront of our technical

and engineering capabilities. So, we recognize that delays and, con-

sequently, cost overruns can be expected.

In the hearings today and Thursday we will be concerned that

the necessary changes have been made to insure the success of the

program. I understand that many of the components of the space

telescope are of very high quality, possibly even better than the de-

manding design criteria. This encouraging fact will continue to

make all of us most anxious to see this space telescope launched.

We are also concerned about how these cost overruns affect other

programs. These delays and cost overruns have meant that other

space science programs will be delayed, which is more than likely

to result in cost overruns for these programs as well.

While we are all concerned about the national deficit and keep-

ing the Federal budget as trim as possible, it is particularly painful

to have exciting programs like space science troubled with cost

overruns. Hopefully careful planning can minimize these negatives.

There are lessons to be learned from our experience with the

space telescope program. Hopefully we can use these hearings as

an opportunity to insure that future programs are on schedule and
within budget.
Mr. Chairman, I look forward to talking with our witnesses this

afternoon on how we will be able to insure the success of the space
telescope program, which will give us the ability to see so much
farther back in the history of the universe.

Thank you, Mr. Chairman.
Mr. VoLKMER. Dr. Lucas, you may proceed.



STATEMENT OF DR. WILLIAM R. LUCAS, DIRECTOR, GEORGE C.

MARSHALL SPACE FLIGHT CENTER, NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION. ACCOMPANIED BY JAMES B.

ODOM, SPACE TELESCOPE PROJECT MANAGER; JEAN R. OLI-

VIER, CHIEF ENGINEER, SPACE TELESCOPE; AND WILLIAM
HUDSON SNEED, ASSISTANT DIRECTOR FOR POLICY AND
REVIEW
Dr. Lucas. Thank you, Mr. Chairman.
I appreciate the opportunity to appear before your subcommittee

today to discuss the status of the space telescope. I would like to

present some of my colleagues who are with me today.

Mr. Bill Sneed, to my right, is the Assistant Director for policy

and review at the center and has spent about 50 percent of his

time in the last several months on the space telescope. I also have
with me the new manager of the space telescope at the Marshall

Center, Mr. Jim Odom, and the chief engineer of the space tele-

scope project, Mr. Jean Olivier.

FIGURE 1

The space telescope consists of three major systems. I know you

have seen these many times before, but as a remmder I have

placed on the screen a slide (figure 1) showing the various elements

of the space telescope, the optical telescope assembly, the support

system module, and the five modular science instruments. Ihe

solar arrays, a separable unit of the space telescope, are being sup-

plied by the European Space Agency.



With your permission, I will summarize my prepared statement,

giving attention only to those elements which are the responsibility

of the Marshall Space Flight Center.

We are responsible for the overall management of the space tele-

scope; for the direct management of the optical telescope assembly,

which is being developed by the Perkin-Elmer Corp.; and the sup-

port-systems module, being developed by the Lockheed Missiles and

Space Co. In addition, we are responsible for the systems engineer-

ing and integration activity, done with Marshall people and with

support primarily from the Lockheed Corp.

The space telescope key requirements were developed during the

mid-1970's through an intensive definition period by NASA, in con-

junction with the science community. These key requirements are

consistent with the fundamental objective of taking full advantage

of the space environment for optical astronomy. They are respon-

sive to the performance specifications established by the science

community.
The requirements have been submitted in detail in my prepared

statement and I will only mention them now as the base of our dis-

cussion.

First of all, the space telescope is required to have a long life, 15

years or more, in orbit. It is designed to permit exchange of instru-

ments in orbit. It is designed to observe faint objects 50 times more
fainter than can be observed from ground-based telescopes. It must

have an image resolution of one-tenth arc second and an image sta-

bility of one-tenth of that very small angle. It must be able to per-

form both on the dark and the bright sides of each orbit.

These stringent requirements for the space telescope resulted in

some major engineering challenges in many areas of technology

and advancements in the state of the art in others, for example,

polishing of the mirror, pointing system accuracy, torque-free

mechanisms that were required, contamination control and ther-

mal control to keep a part of the telescope's focal plane structure

at a constant temperature in orbit; by that I mean 70° plus or

minus two-tenths of 1° Fahrenheit.

I am pleased to report that many of these component specifica-

tions derived from these requirements have already been demon-

strated by tests. We have no reason to believe, at this time, that

the space telescope will not satisfy all the basic defined require-

ments.
I will summarize how these requirements have driven the design

of the space telescope and have resulted in some of the problems

that we have encountered, although I would hasten to add that the

achievements that have been made have been very significant

indeed.
The optical telescope assembly—and you may refer again to

figure 1—is the heart of the space telescope observatory. It pro-

vides the fundamental optical system, the target acquisition at pre-

cise attitude control, and it provides for the mounting of the instru-

ments.
It consists of a 96-inch mirror, the primary mirror; a 12-inch sec-

ondary mirror; and a metering truss, which maintains alinement

and precise distance between the mirrors. The distance between

those two mirrors is about 24 feet. The truss is required to main-



tain that distance to within about 1/10,000 of an inch. That is

equivalent to about one-tenth the thickness of a sheet of paper. It

also contains a baffle system to minimize the stray Hght, a focal

plane structure to which the science instruments and the fine guid-
ance sensors are mounted, and a main ring, which serves as the
primary mount for the mirror. The assembly includes the fine guid-
ance sensors with their associated electronics, which are mounted
in the instrument section.

The optical telescope assembly has clearly been our most trouble-

some part of the project. The early assessments were that the pri-

mary mirror polishing to meet the surface criteria would represent
the most difficult task. Accordingly, major emphasis was placed at

Perkin-Elmer on this task at the start of the program.
It turns out that the most notable technical achievement to date

has been the fabrication and polishing and coating of this 96-inch

mirror. To fabricate a mirror of this size and quality required coat-

ing and polishing facilities and techniques that heretofore had been
unavailable to the optical industry.

Then problems were associated with the mounting of the
through-the-glass hardware, the bonding of attaching mechanisms
to the mirror and all other things that would cause the slightest

amount of distortion of the mirrored surface. This was quite an un-

dertaking and did require significantly more time during the fall of

1982 than we originally planned. However, the assembly has now
been successfully completed and we have a flight-mounted mirror
of unprecedented quality, exceeding even the rigorous specifica-

tions established for the project. This is also true for the secondary
mirror assembly.
There have been recent discussions about the contamination of

the primary mirror. Visible particulate contamination—that is,

very fine dust—does exist on the primary mirror despite the very

rigorous control that we have applied to it. Recent determinations

have indicated that two-tenths of 1 percent of the mirror surface

contains particulate matter. This is well within the 1-percent sur-

face coverage criteria that had been established for time of launch.

A substantial period of time remains before we launch, and due

to the projection of future accumulations we plan to clean the

mirror as a safeguard against any performance degradation result-

ing from particulates. We will develop a cleaning method and will

conduct that cleaning at the lastest possible time in the schedule.

Molecular contamination is a different matter. Insofar as we
know, we have no molecular contamination or thin film over the

mirror at this time. If we did, it would be of very significant conse-

quence. We are presently investigating methods for testing for mo-

lecular contamination on the mirror, and we will undertake testing

and cleaning later, if it is indicated to be necessary.

As a precaution against future molecular contamination or any

contamination resulting from the telescope structure, we will

vacuum bake those parts of the structure that could contribute

thin films or molecular contamination.

The very precise alinement requirements that must be mam-
tained for many hours to collect the light from the faintest stars

dictated utilization of materials on several elements that would be

essentially unchanged by extreme temperature variations. These



temperature variations result from traversing from the light side

to the dark side of the orbit, and also from varying orientations of

the spacecraft to the Sun.

We eventually solved some of these problems by changmg trom

the original titanium structure to a graphite epoxy structure m
some of the critical areas of the OTA. Even with that it was neces-

sary to apply heaters rather extensively on the system to meet the

thermal requirements, but we now believe that we have satisfied

those requirements.
The fine guidance sensor is a key element of the space telescope

pointing and control system. It has been and continues to be one of

the most troublesome items in the OTA. The fine guidance sensor

enables the pointing control system to lock onto the desired object

in space by way of two known guide stars and to maintain that po-

sition with the extremely high accuracy of about 100th of an arc

second for periods of up to 24 hours.

There have been development problems. The most significant one

has been associated with the Koesters' prisms that generate the

data needed to provide the pointing precision of the space tele-

scope. Due to imperfections in some of these prisms, the initial

characteristics of the interferometer that is made from these

prisms were poor and not repeatable. It has been learned that with

very careful selection and evaluation of the prisms on hand that

satisfactory prisms, at least a small number, are available and, in

fact, can be generated. So, this problem seems to have become one

of getting adequate quantities manufactured.

In view of the problems that we have encountered on the fine

guidance sensor, it was decided to initiate a total systems testing of

the fine guidance sensor as soon as possible. To accomplish this,

the first flight unit has been designated as an engineering model.

The engineering model will allow testing in the fall of this year,

prior to the completion of the flight units.

In addition, because of the lingering concerns about the fine

guidance sensor, we initiated, a few months ago, a backup design at

the Applied Physics Laboratory at Johns Hopkins University with

Professor Fasti as the principal investigator. He is also being assist-

ed by Professor Westphal and others. This is not a total backup
system, but a backup of that part of the system now satisfied by

the Koesters' prism interferometers. It constitutes only about 5 per-

cent of the total fine guidance sensor. I believe that the actions

that we are taking now are prudent to assure the functioning of

the fine guidance sensor. We will demonstrate this in the test to be

conducted by this fall.

Development of latches to hold the science instruments and the

fine guidance sensor was another problem that we encountered.

There are 27 of these latches, each consisting of tvvo different

pieces. They are required to allow the replacement of instruments

on orbit. They must maintain alinement within a few thousandths

of an inch. They also serve the additional function of insulating the

instrument from heat transfer through the structure. Of course, de-

velopment of these very exacting requirements was a difficult task,

but it appears to have been solved. The first group of latches has

now completed the qualification testing, with a new coating on the

mating surfaces, and the coating of flight latches is underway.



Qualification testing of the second and final group of latches will

be done in August of this year.

Another problem that we encountered on the space telescope as-

sembly was the availability of adequate special test equipment to

accomplish the alinement and to maintain the tolerances neces-

sary. We had to add some special test equipment to the program.

This has driven a portion of the need for additional funding.

The primary challenge and schedule risk remaining to the opti-

cal telescope assembly project are the successful completion of the

fine guidance sensor and its associated electronics, and the success-

ful assembly, alinement and verification of the OTA. We expect to

have the risk associated with the fine guidance sensor clearly iden-

tified upon the completion of the test that I mentioned previously.

The support systems module, which has already been referred to

on the chart, provides the basic spacecraft services, including the

pointing control, the electrical power, the data management, and
thermal control. In addition, it provides structural accommodations
and the light shield for the OTA and the science instruments.

The support systems module has made generally satisfactory

progress. A few problems have been mentioned in the prepared

statement, and I will not repeat them here. However, I would call

your attention to the most significant current problem on the sup-

port systems module. That is associated with the data management
system, which encompasses the flight software and the data man-
agement unit. The flight software has exceeded the memory utiliza-

tion specification of the data management system flight computer.

That specification was established to assure that 20 percent of the

active memory capability would be available at launch time to take

care of unanticipated problems that might be encountered after

reaching orbit. Studies are underway, and we believe that we will

be able to reestablish this 20 percent active memory capability.

The primary challenge and schedule risks remaining for the sup-

port systems module effort are the completion and integration of

the flight systems, the support equipment, and also the verification

of assembly testing and orbital checkout of the entire telescope.

Planning for all of these activities is proceeding satisfactorily.

Systems engineering is a function of very great importance to

the program, and particularly at the point in the program that we
have reached. We did restrict, for cost considerations, the systems

engineering and integration activity in recent months, although I

don't believe that effort has affected the program negatively. We
are now increasing that as we come to the very important time of

bringing all the various components together into the final system

and for the checkout and verification of the systems.

The extreme complexity that I have just alluded to and the very

exacting requirements, coupled with some of the inherent problems

associated with the early project decisions, have made it extremely

difficult to maintain schedules or to accurately predict cost require-

ments. Consequently, it has been necessary for us to defer work to

later years to stay within annual budgets. While the deferral of the

work provided the solution to near-term problems, it could now be

judged to have introduced too much schedule risk into a project of

such complexity.
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The difficulty in accurately predicting the cost requirements also

resulted in our having had inadequate funds or reserves for coping

with the unanticipated technical and programmatic problems

which have further impacted our development schedules. Our pre-

vious baseline required delivery of the OTA to Lockheed from

Perkin-Elmer in December 1983, with a launch of the space tele-

scope in the first half of 1985. It now appears that the OTA will be

delivered to Lockheed in November 1984, with a launch of the

space telescope in mid-1986.

The resolution of the development problems, the additional test-

ing that we have introduced, and spares that have been added in

the project rephasing to reduce the risk, the increased systems en-

gineering and integration effort introduced to facilitate projectwide

integration, and the extended development schedule have resulted

in a sizeable increase in our development funding requirement. For

example, in fiscal year 1983 we had authorized and appropriated

$137.5 million for the space telescope development. It now appears

that we will need approximately $45 million more or approximate-

ly $183 million. We now estimate that about $195 million will be

required in fiscal year 1984, or an increase of about $75 million

over that contained in NASA's fiscal year 1984 budget request.

The new schedules have been provided to all the participating or-

ganizations, and revised schedules and revised cost estimates

through completion are being prepared and will be available later

this summer. Our current schedule problems and cost problems

began to significantly manifest themselves in the fall of 1982. The
optical telescope assembly was falling behind at an increasing rate,

and it was becoming more evident that the schedule could not be

recovered and that additional manpower would be required to com-

plete all the remaining activities.

In September 1982, I initiated a comprehensive review of the

OTA at Perkin-Elmer with a number of the top management and
technical directors from my center. This assessment was directed to

a lower level of activity than usually required at aerospace contrac-

tors, and the assessment confirmed significant design and manufac-
turing problems with the fine guidance sensor, with the latches,

and with special test equipment and the resultant overall schedule

deterioration in the final assembly.

In December 1982, I initiated a similar programmatic reviev^ of

the support systems module at Lockheed to ascertain the technical

status and to validate the cost and schedules being reported to the

Marshall Center. Since that time, there have been other NASA
headquarters and congressional review teams assessing the space

telescope project.

The cost and schedule concerns and the need for major improve-

ments at Perkin-Elmer that we reported to this subcommittee in

February 1983 have now been confirmed. We reported, at that

time, that certain corrective actions had been initiated. Subse-

quently, we have identified other corrective actions in order to

reduce the technical and schedule risks associated with the project.

One of the things, for example, that we have done is to advance
some of the testing at Lockheed in order to increase our margin for

completing that testing. We have also made significant manage-
ment changes that I would like to refer to at this time.



At the Marshall Space Flight Center, we have appointed a new
manager for the space telescope office, whom I introduced to you
earlier in the presentation, Mr. Jim Odom. This made available to

the space telescope, during this critical assembly and test phase, a

highly succesful hardware manager from the shuttle program. Jim
just came from the very successful external tank project of the

shuttle program. A highly qualified former laboratory director was
also appointed as deputy to Jim Odom and he will have full respon-

sibility for discharging all the systems engineering activities at

Marshall and across the program. He is supported with a newly
formed systems engineering project office and a somewhat beefed-

up systems engineering organization at the Marshall Center, as

well as being supported by a newly formed, dedicated systems engi-

neering organization at the Lockheed Co.

We believe that these system engineering changes will enhance

our analytical integration, verification and operational planning

for all elements of the space telescope project and will increase in-

volvement of the science community in these important activities.

There have been formed within our space telescope office two sub-

ordinate offices, the optical telescope assembly project office and

the support systems module project office, each having full authori-

ty for the management of their respective system. This will allow

the space telescope project manager to concentrate his full atten-

tion on directing the overall project.

Because of the concerns that we had with respect to the OTA,
the newly appointed OTA manager and his entire staff have been

located on site at the Perkin-Elmer facility to obtain visibility to a

level of penetration on a daily basis not usually necessary for the

direction of contractor effort.

The Perkin-Elmer company has also made important manage-

ment changes to strengthen the management and programmatic

discipline at that company. They have appointed a new, experi-

enced manager of the project, and he is supported by two deputy

program managers, one dealing with the OTA assembly and one

specifically working on the fine guidance sensor and the optical

control system. In addition, he has an assistant director for engi-

neering to coordinate the overall day-to-day engineering activity.

Other improvements have been made, which I am sure Perkin-

Elmer will mention to you, in great detail, on Thursday. The execu-

tive vice president of Perkin-Elmer became the acting head of the

optical group under which the telescope project is assigned. In this

capacity, he has also made several changes to strengthen his man-

agement structure. We expect that a new executive over the optical

telescope group will be appointed momentarily.

The only change at Lockheed is that the systems engineering ac-

tivity that is done across the program and to support the Marshall

Space Flight Center has been pulled from under the support sys-

tems module and will report directly to the Lockheed vice presi-

dent for NASA programs.
In conclusion, while the space telescope has presented consider-

able technical challenge, most of the challenges have been met suc-

cessfully. Very substantial progress has been made on all of them,

and we believe that we have developed a firm understanding of the

job yet to be done.
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Our management has been strengthened across the entire

project. While other challenges may be encountered, we believe

that we are in a position to meet them. We are in the process, as I

have mentioned, of developing revised schedules and cost which

will embody the necessary reserves to accommodate the normal de-

velopment problems that are to be expected. I am confident that

the project will be successfully completed and that all the key sci-

ence objectives will be met.

That completes my oral statement. I will be pleased to receive

any questions.

[The prepared statement, plus answers to questions asked of Dr.

Lucas follows:]
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STATEMENT

of

DR. WILLIAM R. LUCAS
DIRECTOR, MARSHALL SPACE FLIGHT CENTER

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

for the

SUBCOMMITTEE ON SPACE SCIENCE AND APPLICATIONS
COMMITTEE ON SCIENCE AND TECHNOLOGY

HOUSE OF REPRESENTATIVES

Mr. Chairman and Members of the Subcommittee:

I am pleased to present the status of the Space Telescope Project with special

emphasis on elements for which the Marshall Space Flight Center has primary

responsibility; technical and management problems which are the major contributors

to our current cost and schedule problems; my assessment of current project status;

major challenges to be faced in the future: and management changes which have been

made. Since I will be followed by Dr. Noel Hinners, who will testify on science

instruments and ground operations and by Dr. Riccardo Giacconi on the Science

Institute, I will touch only briefly on these elements. Although the Subcommittee is

familiar with the Space Telescope Project, I will briefly review the elements of the

project, the responsibilities of the various organizations involved, and the key

requirements of the project to provide a context for the discussion.

PROJECT ELEMENTS

The Space Telescope consists of three major systems, the Optical Telescope Assembly,

the Support Systems Module, and five modular science instruments which are the Wide

Field Planetary Camera, the Faint Object Camera, the High Speed Photometer, the

High Resolution Spectrograph, and the Faint Object Spectrograph. These elements are

identified on Figure I. The Solar Arrays constitute a separable element of the Support

Systems Module. In addition to these hardware elements, the Project also includes the

Mission Operations Ground System, the Science Institute and Systems Engineering and

Integration.

MANAGEMENT RESPONSIBILITIES

The Marshall Space Flight Center (MSEC) has the overall project management

responsibility for the Space Telescope. MSEC also has direct management

responsibility for the Optical Telescope Assembly being developed by Perkin -Elmer

Corporation, the Support Systems Module being developed by Lockheed Missiles and

Space Company, and the Systems Engineering and Integration activities with support

from Lockheed.
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The Goddard Space Flight Center (GSFC) has responsibility for the nnanagement of the

Science Instruments development, the Science Institute located at 3ohns Hopkins

University, and the Mission Operations Ground System.

The European Space Agency is responsible for the development of the Solar Arrays,

with the associated drive mechanisms, and the Faint Object Camera. In addition, the

European Space Agency is participating in the staffing of the Space Telescope Science

Institute.

SPACE TELESCOPE REQUIREMENTS

To provide a basis for the remainder of this statement, it is appropriate to review the

requirements established for the project and the associated technical challenges.

The Space Telescope key requirements (Appendix A) were developed during the

mid-1970's through an intensive definition period by NASA in conjunction with the

science community. These key requirements are consistent with the fundamental

objective of taking full advantage of the space environment for optical astronomy and

are responsive to the performance specifications established by the science

community. These requirements are summarized as follows:

The Space Telescope is required to be a versatile, long-lifetime

observatory with up to 15 years orbital operations. It is to accommodate
at least four science instruments, such as cameras and spectrographs and

permit exchange of these instruments in orbit, either for repair or in

exchange for next generation instruments. The overall Space Telescope

system is required to work efficiently in the entire visible spectrum from

blue to red and much beyond into the invisible ultraviolet and infrared

wavelengths that are inaccessible to ground observatories.

The Space Telescope is required to measure objects appreciably fainter

than those accessible from the ground. In practical terms, the requirement

is for observation of objects fifty times fainter and seven times farther

into space than possible with the best ground -based telescopes, increasing

the volume of space available for observation by a factor of 350.

The sharpness and resolution of images is one of the most important

characteristics. This determines how well extended sources such as

galaxies or nebulae can be observed. The requirement calls for a resolution

of 0.1 arc second and an image stability of one-tenth of that very small

angle. One can visualize such a small angle by comparing it with the

diameter of a dime held up in Boston as seen from Washington, D. C.

To take full advantage of the telescope capability, observations will be

performed on both the dark and bright side of each orbit. During planetary

observations, it must be capable of tracking planets and comets at their

highest angular speed, and rotating features on such moving objects.
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PROJECT STATUS

The stringent requirements for the Space Telescope resulted in major engineering

challenges in many areas of technology and advancements in the state-of-the-art in

others; for instance, mirror surface precision, pointing system accuracy, torque -free

mechanisms, contamination control, thermal control to keep the Telescope focal plane

structure at a constant temperature of 70 + 0.2 Fahrenheit in space, and the

measurement of single photons from a distant star. I am pleased to report that many

of the component specifications derived from these requirements have already been

demonstrated by test, and we have no reason to believe at this time that the

Space Telescope will not satisfy all its basic requirements. I will summarize how the

requirements drove the design of the Space Telescope, the problems encountered, and

the current status of each element of the project. Although substantial progress has

been made, it has not been without significant cost and schedule impacts as was

identified in our February 1983 testimony to the Subcommittee.

Optical Telescope Assembly

The Optical Telescope Assembly is the heart of the Space Telescope observatory. It

provides the fundamental optical system, target acquisition and precise attitude

control, and for science instrument mounting. It consists of a 96-inch primary mirror,

a 12 -inch secondary mirror, a metering truss which maintains alignment and precise

distance between the mirrors, a baffle system to minimize stray light, a focal plane

structure to which the science instruments and Fine Guidance Sensors are mounted,

and a main ring which serves as the primary mirror mount. The Optical Telescope

Assembly also includes three Fine Guidance Sensors with their associated electronics

mounted in an equipment section.

The design, development and fabrication of the Optical Telescope Assembly has

clearly been our most troublesome problem. Early assessments indicated that

fabricating the primary mirror to meet the stringent surface criteria would represent

the most difficult task, and major emphasis was placed at Perkin-Elmer on this task at

the start of the program. In addition, a back-up primary mirror was initiated at

Eastman-Kodak early in the program using a different polishing technique from that to

be used by Perkin-Elmer to provide assurance of developing a flight quality mirror.

The back-up mirror polishing was completed, but the mirror was not coated because of

the satisfactory progress on the Perkin-Elmer mirror, and the back-up mirror is in

storage now.

The primary and secondary mirrors have now been fabricated by Perkin-Elmer and are

better than our design specifications. In fact, the singularly most notable technical

achievement to date is the fabrication, polishing and coating of the 96-inch primary

mirror. To fabricate a mirror of this size and quality required coating and polishing

facilities and techniques heretofore unavailable to the optical industry. The mounting

of the through -the -glass hardware, the bonding of attaching mechanisms, and all other

primary mirror assembly operations which could distort the mirror proved to be a

substantial technical undertaking, and required significantly more time during the fall

of 1982 than planned originally. These assembly processes have now been successfully

completed, and we have a flight mounted primary mirror of unprecedented quality,

exceeding even the rigorous specifications established for the project. This is also



14

true for the secondary mirror assembly. As a result of the better than anticipated

image quality achieved by the current mirrors, some relaxation in our pointing control

requirements can be accepted if necessary.

There have been discussions of contamination on the primary mirror over the past few

months which I would like to put in proper perspective. Visible particulate

accumulation, very fine dust, does exist on the primary mirror despite the most

rigorous of contamination controls. Recent investigations have determined that 0.2

percent of the mirror surface contains particulate matter. This is well within the

established one percent surface coverage criteria for launch; however, due to

projected future accumulations, we plan to clean the mirror as a safeguard against any

performance degradation resulting from particulate contamination. A low risk

cleaning methodology for particulate contamination has been defined and cleaning will

be conducted as late in the schedule as practical. Molecular contamination continues

to be a concern, because even the smallest amount of molecular film on the optical

surfaces will affect the reflectivity of the mirror in the ultraviolet region. We are

investigating methods for testing for molecular contamination on the mirrors and will

undertake testing and cleaning if needed. As a precaution against future

contamination, we have recently decided that all structures that could be a source of

this contamination will be vacuum baked.

The very precise alignment requirements, that must be maintained for many hours to

collect the light from the faintest stars, dictated utilization of materials that would

be essentially unchanged by extreme temperature variations. The temperature

variations result from the sunlight and darkness periods of each orbit as well as the

spacecraft's orientation to the sun. Total thermal requirements could not be defined

until sufficient design was accomplished to develop refined thermal models. This

challenge was ultimately met (March 1979) by the change from titanium to

graphite-epoxy structures in critical parts of the Optical Telescope Assembly. Even

with these materials, an extensive automatic heater system was also required to meet

the thermal requirements. Graphite-epoxy is used for the focal plane structure, the

metering truss which positions the secondary mirror relative to the primary mirror,

structural components in the fine guidance sensors, and the shelf which positions the

rate gyros relative to the focal plane structure. In addition, graphite-epoxy material

is used for the optical benches of the science instruments. Graphite-epoxy material

was a comparatively new material, as to precise design, and reliable data on strength

and other properties were not available. These data had to be developed; also, the

properties varied significantly from one piece to another, therefore, each piece had to

be evaluated separately. These components have been completed now, except for the

rate gyro shelf which is being assembled, and have been found to meet all our

specifications. We did encounter a structural failure in a test article representing one

of the structural mounting feet of the focal plane structure. A satisfactory repair,

consisting of a titanium reinforcement was designed, fabricated, tested and installed

on all of the focal plane structure feet.

The Fine Guidance Sensor, a key element of the Space Telescope Pointing Control

System, has been and continues to be one of the most troublesome items in the

Optical Telescope Assembly. The Fine Guidance Sensor enables the

Pointing Control System to lock on to the desired object in space by way of two known

guide stars, and to maintain that position with the extremely high accuracy of about a

hundredth of an arc second for periods up to 2'f hours. The Fine Guidance Sensor
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includes the Star Selector Servo, the Koesters' prism interferometer, photomultiplier

tubes, and corrector optics. Control and signal processing is supplied by the Fine

Guidance Electronics.

Several significant problems have been encountered in the development of the

Fine Guidance Sensor. During the early development testing, the Star Selector Servo

was mounted on a test bench that was to simulate the flight hardware. We found

rather large vibrations that would have presented a significant problem for the

Pointing Control System. Extensive analysis and testing recently completed have

clearly demonstrated that these excessive oscillations were a result of the test setup

and will not occur in the flight configuration.

A second significant problem was associated with the Koesters' prisms that generate

the interferometric data needed to provide the pointing precision of the Space

Telescope. Due to imperfections of some of the prisms, the initial characteristics of

the interferometer were poor and not repeatable. Again, this would have led to great

difficulties with the control system. Careful selection and extensive testing of the

Koesters' prisms on hand showed that a satisfactory interferometer characteristic can

be generated. This problem then became one of manufacturing adequate quantities of

satisfactory Koesters' prisms. Additional studies are underway to resolve the cause of

the manufacturing problems.

In view of these problems, it was decided to initiate total systems testing of the

Fine Guidance Sensor as soon as possible. To accomplish this, the first flight unit was

designated as an Engineering Model. I believe we now know how to solve the

Fine Guidance Sensor problems, and the Engineering Model will allow testing of the

system prior to the completion of the flight units.

Development of the latches to hold the science instruments and the Fine Guidance

Sensors to the Focal Plane Structure with a precise alignment has also proven to be a

major challenge of the Optical Telescope Assembly project. These 27 latches,

consisting of two pieces each, maintain science instrument and Fine Guidance Sensor

alignment within a few thousandths of an inch, isolate these components from heat

transfer through the structure, and can be operated by an astronaut to provide on orbit

instrument replacement capability. Development to these exacting requirements has

been difficult. For example, galling was encountered when the latches were subjected

to the expected launch environment. The coating was changed from aluminum oxide

to a harder tungsten carbide cobalt coating, and recent dynamic testing of a group of

latches at MSFC confirmed this new coating as acceptable. The first group of latches

has now completed qualification testing with the new coating, and coating of flight

latches is underway. Qualification testing of a second group of latches will continue in

August 1983.

Fabrication of the major structural elements of the Optical Telescope Assembly has

been completed by subcontractors and these items have been delivered to

Perkin-Elmer at Danbury, Connecticut. Fabrication of the Ground Support Equipment

and the Fine Guidance Electronics is p'-ogressing satisfactorily, and these are expected

to be delivered to Perkin-Elmer on schedule for their respective need dates.

As the Optical Telescope Assembly flight hardware and design and manufacturing

progressed, a much better understanding emerged of the special test equipment needed
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to accomplish the very demanding alignment and assembly tolerances. Therefore, the

requirement for this additional special test equipment is now being incorporated i^to

the program, thus driving a portion of the need for additional funding.

The primary technical challenge and schedule risk remaining to the

Optical Telescope Assembly project are the successful completion of the Fine

Guidance Sensor and its associated electronics and the successful assembly, alignment,

and verification of the Optical Telescope Assembly system.

Technical and management problems that have been experienced by the

Optical Telescope Assembly contractor, Perkin-Elmer, have resulted in significant

schedule and cost impacts to the total program. Now, additional manpower resources

have been applied to the project, senior management officials have been assigned to

key project hardware elements and management control disciplines, and essential skills

have been consolidated into dedicated teams to assure effective completion of specific

hardware elements of the Optical Telescope Assembly. Over the past few months,

substantial improvement has been made in both the management systems and

performance at Perkin-Elmer. I will describe further changes at Perkin-Elmer in

conjunction with the discussion of overall management changes.

Support Systems Module

The Support Systems Module being developed by the Lockheed Missiles and Space

Company, Sunnyvale, California, provides the basic spacecraft services including

pointing control, electrical power, data management and thermal control. In addition,

it provides structural accommodations and the light shield for the

Optical Telescope Assembly and the science instruments.

Assembly of all the large structural elements is now underway. The primary structure

for the Equipment Section which houses the majority of the electronics and the

Battery System has been completed, and the installation of doors and hardware

mounting provisions is nearing completion. The primary structures for the Light Shield

and Forward Shell which encompass the forward end of the Optical Telescope

Assembly have also been completed, and the installation of light baffles in the Light

Shield has been initiated. The assembly of the Aft Shroud primary structure which

surrounds the science instruments and the Focal Plane Structure of the Optical

Telescope Assembly is nearing completion.

Design of the major electronic assemblies has been completed, and these assemblies

are now in the manufacturing and test phase.

The development of the Pointing Control System has made satisfactory progress in

spite of some development problems. The sensitivity of the Pointing Control System

can be illustrated by the fact, which was not fully appreciated in the initial stages of

the program, that such items as changing a filter wheel position in one of the

science instruments, operating the tape recorders, or tracking motions of the high gain

antenna could cause unacceptable disturbance to a 25,000 pound spacecraft. To
eliminate more critical disturbances, the Reaction Wheels, which are the primary

means for maneuvering and pointing the Space Telescope, were retrofitted with

bearings selected to reduce the vibration emanating from the Reaction Wheel into the
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Space Telescope structure. Also, shrouds were mounted on the Rate Gyros to reduce

mechanical noise contributed by the Rate Gyros assemblies resulting in a more stable

control system. I believe that the actions taken will provide a Pointing Control

System which will fulfill all its required functions.

Subcontract hardware deliveries continue to occur on or ahead of Support Systems

Module assembly need dates. Major hardware deliveries during this year included:

High Gain Antenna Masts, High Data Rate Transmitter, Tape Recorder, and the Fixed

Head Star Tracker.

The Electrical Ground Support Equipment required in the verification of the Support

Systems Module and the integrated Space Telescope is in the advanced stages of design

and fabrication. This hardware is planned for installation and checkout late this year

in the Space Telescope Vertical Assembly and Test Facility which was recently

completed. Construction of the Scientific Instrument Receiving and Inspection Depot

Facility has been started.

The detailed planning for the Support Systems Module checkout and the total Space

Telescope assembly and verification is proceeding satisfactorily. To further assure the

planned schedule, a number of Space Telescope subsystem tests have been advanced

into the earlier Support Systems Module tests.

The most significant current Support Systems Module problem is associated with the

Data Management System which encompasses the flight software and the Data

Management Unit. The flight software has exceeded the memory utilization

specification of the Data Management System flight computer. This specification was

established to assure that 20% of the active memory capability would be available

after launch to handle unexpected contingencies. Studies are under way to define a

solution to this problem.

Two other problems being worked at this time are disturbance to the spacecraft

stability caused by the High Gain Antenna Pointing System Motor and design errors

found in the acceptance test of the Data Interface Units. Design solutions have been

identified.

The primary technical challenge and schedule risk remaining for the Support Systems

Module effort are the completion and integration of flight subsystems and ground

support equipment, Space Telescope assembly and verification, and orbital checkout.

The overall progress of the Support Systems Module has been generally satisfactory.

Although problems have been encountered, they have been of the type normally

expected in a complex development project and, clearly, they have not been the pacing

items in completing the Space Telescope development. Planning for the Space

Telescope assembly and verification is well underway.

Systems Engineering and Integration

Systems Engineering and Integratio

project as complex as the Space Tele

requirements for all levels of the project, the definition and control of all interfaces

Systems Engineering and Integration is a function of paramount importance for a

project as complex as the Space Telescope. It includes the establishment of consistent
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between project elements, and a verification that the designs of the hardware and

software meet the requirements. Funding availability made it necessary to constrain

the allocation of resources for System Engineering and Integration to a minimum
essential level. As we approach the assembly and verification, increased emphasis is

being given to this area to assure the physical and functional compatibility of all flight

and ground control systems.

Solar Arrays

The Solar Arrays will provide all the electrical power for the Space Telescope while

on-orbit. The roll-out, four -thousand -watt (specified power at the end of two years in

orbit) Solar Arrays are being provided by the European Space Agency. The Solar

Arrays are now in the final test phase and are ahead of schedule for Space Telescope

assembly and verification. The Solar Array drive electronics, which is installed in the

Support Systems Module Equipment Section, is designed to point the Solar Arrays at

the sun, independent of Space Telescope maneuvering. The drive electronics will be

delivered by the European Space Agency to Lockheed Missiles and Space Company this

year, together with a development model solar array wing that will be used for

mechanical and electrical compatibility checks. The test phase for the flight Solar

Array wings will be completed during the first quarter of 1984. Significant problems

associated with welding the solar cell interconnects and the Solar Array drive

electronics encountered earlier in the project have been satisfactorily resolved by the

European Space Agency. There are no known remaining problems or significant risks

associated with the Solar Arrays.

Science Instruments

There are five science instruments, four being developed by the United States and one

by the European Space Agency. Good progress has been made on all five instruments,

and fabrication has been completed: One instrument is in final assembly, three have

begun environmental acceptance testing, and one, the High Speed Photometer, is ready

to begin the Verification/Acceptance Program at GSFC. The Verification /Acceptance
Program is an electrical and software interface compatibility test involving all science

instruments.

The Faint Object Spectrograph is a very versatile instrument that can obtain the

spectra of extremely faint astronomical objects in the ultraviolet and visible

wavebands. The assembled unit has completed about half the environmental test

program at Martin Marietta Corporation, Denver, Colorado, and is scheduled to be
shipped to GSFC in August 1983. During calibration, it was found that both Digicon

detectors have lost performance. It is planned to replace at least one and, depending

on additional tests, perhaps both detectors with existing spares before shipping the

instrument to the Lockheed Missiles and Space Company.

The High Resolution Spectrograph will be able to use the full resolving power of the

telescope. It has completed all environmental acceptance tests at the Ball Aerospace
Division, Boulder, Colorado, and will be shipped to GSFC in June 1983. One of the

Digicon detectors has exhibited excessive noise and will be replaced with an existing

spare next year.
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The High Speed Photometer is designed to measure the total light and its time
variations from an object in space. This instrument is farthest along; it has been
delivered from the University of Wisconsin to GSFC and is ready to begin the

Verification/Acceptance Program.

The Wide Field/Planetary Camera will observe distant objects such as galaxies and
quasars. High resolution images from the planetary camera will also permit detailed

observations within our solar system. Following a few retrofits, the camera is now
entering the environmental test program at the Jet Propulsion Laboratory, Pasadena,

California. The instrument is scheduled to be shipped to GSFC in August 1983.

The Faint Object Camera is being built by the European Space Agency and will use the

high spatial resolution of the telescope to observe the faintest stars. The instrument

development suffered a setback last year when it was found that the photon detector

tube had to be redesigned to be able to withstand the launch loads. The redesign has

been completed and it satisfactorily passed vibration tests. There are some corona

type problems on the flight camera that are being worked at this time. Delivery of

the completed instrument to GSFC is scheduled for October 1983.

In summary, instrument development and testing have progressed to the point that

verification and acceptance is now underway at GSFC. The remaining instruments are

to be delivered by October 1983. Delivery of all instruments to the Lockheed Missiles

and Space Company is scheduled for not later than June 198't and will permit the

planned exchange of certain instrument components and recalibration.

I will now address the Science Institute, Mission Operations, and Maintenance and

Refurbishment. These have had their own unique development problems which have

influenced the design of the Space Telescope, even though no major impacts have

resulted.

Space Telescope Science Institute

The Science Institute will be the center for all aspects of the Space Telescope science

activities, encompassing science planning and scheduling, operation of the science

instruments and science data analysis. The Science Institute facility construction at

Johns Hopkins University, Baltimore, Maryland, is completed and ready for full

occupancy. Formal opening is scheduled for June 15, 1983. Staffing of senior

management and technical positions has been completed, and the European Space

Agency has begun filling its assigned positions at the Institute. In addition, the

Science Institute is responsible for developing two critical pieces of tiie ground

system; the Guide Star Selection System and the Science Data Analysis Software. The

Guide Star Selection System Preliminary and Critical Design Reviews have been

completed, and no major design deficiencies have been identified. The core of the

Science Data Analysis Software will be nearing completion at year's end.

Mission Operations

The Mission Operations Ground System includes the Space Telescope Operations

Control Center facilities at GSFC as well as all mission support software and systems
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other than those provided by the Science Institute. This provides the capabilities

necessary to communicate, control and manage the spacecraft and science data. The

system is well along in development. Critical Design Reviews on all elements have

been satisfactorily completed. The Science Operations Ground System provides the

capabilities necessary for science planning and scheduling, science observation support

and science data processing. The software design is well advanced, and coding at the

system level has been initiated. However, with the establishment of the Science

Institute, the requirements have been better defined and have matured, and costs are

expected to increase above prior projections. The technical requirements and related

costs are currently being reviewed. The Science Operations Ground System

development will be nearing completion at the end of 1983, and preparations for

system interaction and test will be underway in early 1984.

Maintenance and Refurbishment

The Space Telescope Project was started at the time NASA was making a transition

from the expendable vehicle era to the Space Shuttle, a change that would permit

payload repair in orbit or retrieval if necessary. This new approach has led to many

technical problems and reestimates of financial resources requirements during

development that were not fully appreciated at the start of the program. A case in

point is the difficulties encountered in the development of the latches, which I

previously discussed.

The spacecraft design provides the capability for replacement of selected components.

This capability will be limited to the smaller components such as batteries and rate

gyros at the time of launch. The orbital replacement of science instruments and other

large components will have to wait until all necessary space support equipment is

available, approximately 2>^ years after launch. Development of the Space Support

Equipment was delayed deliberately for near-term cost considerations.

Status Summary

In summary, the Space Telescope is characterized by very stringent scientific and

technical requirements. In satisfying these requirements, many problems of varying

complexity have been encountered. We believe the problems are now understood and

resolution of these is in hand. However, it is reasonable to expect additional problems

as we begin to integrate all the Space Telescope systems and science instruments.

Adequate provisions will be made for dealing with these kinds of problems in the new
schedule and cost estimates to complete.

SCHEDULE AND BUDGET ASSESSMENT

The extreme complexity and demanding requirements, coupled with the inherent

problems associated with some early project decisions, have made it extremely
difficult to maintain schedules or to accurately predict cost requirements.

Consequently, it became necessary to defer critical work to later years to stay within

annual budgets. While the deferral of work provided a solution to our near-term
problems, it could now be judged to have introduced too much schedule risk into a

project of such complexity and importance. The difficulty in accurately predicting

cost requirements also resulted in our having inadequate funds, or reserves, for coping

with unanticipated technical and programmatic problems which further impacted our

development schedule.

10
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Our previous schedule baseline required delivery of the Optical Telescope Assembly to
the Lockheed Missiles and Space Company for Space Telescope integration in

December 1983, with a Space Telescope launch in the first half of 1985. It now
appears that the Optical Telescope Assembly will be delivered in November 198'*, with
launch of the Space Telescope in lune 1986.

The resolution of the development problems, the additional testing and spares included
in the project rephasing to reduce schedule risk, increased systems engineering and
integration effort introduced to facilitate project -wide integration and the extended
development schedule have resulted in a sizeable increase in our development budget
requirements. In FV83, $137.5M were authorized and appropriated for
Space Telescope Development. It now appears that $182. 5VI will be required in FV83,
an increase of $'^5M over that amount previously authorized and appropriated. It is

now estimated that about $195M will be required in Pt'8'*, an increase of $75M over
that contained in NASA's FY8'> budget request. The new Optical Telescope Assembly
deliveries and Space Telescope launch dates have been given to all participating
organizations. Detailed revised schedules and revised cost to complete are being
prepared and will be available later this summer.

The Operations and Maintenance/Refurbishment budget will be revised and rephased to
be consistent with the new project schedule.

MANAGEMENT ASSESSMENT AND CHANGES

Our current schedule and cost problems began to significantly manifest themselves in

mid-to-late 1982. The Optical Telescope Assembly was falling behind schedule at an
increasing rate, and it was becoming more evident that the schedule could not be
recovered and that additional manpower would be required to complete all remaining
activities. I initiated a comprehensive review of the Optical Telescope Assembly at
Perkin-Elmer in September 1982 with a number of the top management and tec'inical

directors from my Center. This assessment was directed to a lower level of activity
than usually required at aerospace contractors. The assessment confirmed significant
design and manufacturing problems with the Fine Guidance Sensor, latches and the
special test equipment and the resultant overall schedule deterioration in the assembly
operations for the Optical Telescope Assembly. In December 1982, I also initiated a
programmatic review of the Support Systems Module at Lockheed to ascertain the
technical status and to validate the cost and schedules being reported to MSFC. Since
that time, there have been other Headquarters and Congressional review teams
assessing the Space Telescope Project. The cost and schedule concerns and the need
for major improvements at Perkin-Elmer that we reported to this Subcommittee in

February 1983 have been confirmed. We reported at that time certain corrective
actions that we had initiated. Subsequently, we have identified jointly with the NASA
Office of Space Science and Applications additional changes needed to reduce
technical and schedule risks for other elements of the project. For example, we
rephased certain Support Systems Module testing at Lockheed, and we increased the

Systems Engineering and Integration activity at Lockheed.

I will now describe changes in organizational structure and personnel that have been
made.

11
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Changes Implemented at the Marshall Space Flight Center

A new Manager for the Space Telescope Project Office was appointed. This

appointment has made available to the Space Telescope Project Office, during the

critical assembly and test phase, a highly successful hardware manager from the

Shuttle Program.

The Project Manager was provided with an additional highly qualified senior individual

as a deputy with full responsiblity for discharging all systems engineering activities at

MSFC, GSFC and associate contractors. He is supported by a newly formed Systems
Engineering Project Office and a strengthened Systems Engineering Organization

within the MSFC Science and Engineering Directorate as well as an enhanced and
dedicated Lockheed Systems Engineering organization. These systems engineering

changes will significantly enhance the analytical integration, verification and
operational planning for all elements of the Space Telescope Project and will increase

the involvement of the science community in these most important activities.

Two subordinate offices to the Space Telescope Project Office, the

Optical Telescope Assembly and Support Systems Module Project Offices, have been
established with full authority for management of their respective systems, and each
is supported by a dedicated procurement organization. This realignment allows the

Space Telescope Project Manager to concentrate his full attention to directing the

overall project.

Because of the concerns with the Optical Telescope Assembly, the newly appointed
Optical Telescope Assembly Manager and his staff have been relocated on-site at the

Perkin-Elmer facility to obtain visibility to a level of penetration not usually

necessary for direction of the contractor efforts on a daily basis.

Changes Implemented at Perkin-Elmer

Perkin-Elmer appointed a new and experienced project manager to strengthen the
management and programmatic disciplines in the Optical Telescope Assembly
organization. Major realignments were made and the staffing of the
Optical Telescope Assembly Project Office was increased to give greater emphasis to
manufacturing, assembly, and test operations, and to improve visibility and control of
schedules and cost. The executive vice president of Perkin-Elmer became the acting
head of the Optical Group under which the Optical Telescope Assembly project is

assigned. In this capacity he has made several other changes to strengthen its Space
Telescope management structure. The appointment of a new executive over the
Optical Group is anticipated momentarily.

Changes Implemented at Lockheed Missiles and Space Company

The Space Telescope systems engineering and Integration function at Lockheed has
been separated from the Support Systems Module activity to enhance support to
MSFC's lead responsibility. Staffing has been increased and the function now reports
directly to the Lockheed Vice President for NASA Programs.

12
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Changes Implemented at the Goddard Space Flight Center

A new Deputy Director, Flight Projects for Space Telescope was appointed.
Additional personnel have been assigned to his office and within the supporting GSFC
organizations.

In conclusion, while the Space Telescope Project has presented considerable technical
challenges, most of the challenges have been met successfully. Very substantial
progress has been made on all of them, and we believe that we have developed a firm
understanding of the job yet to be done. Furthermore, we believe we have the
organization and virtually all the required talent in place to complete the job.

Changes have been made both within NASA and the contractor organizations that will

put the Project in a strong management posture. While other challenges may be
encountered, we believe that we are in a position to meet them.

In retrospect, we might have made different decisions at earlier times in the Project
and applied the available resources differently, if we had the benefit of the full insight

currently available to us. However, that luxury is never available in real time. We
are in the process of developing a revised and rephased program plan for schedules and
cost which will embody the necessary reserves to accommodate normal development
problems that can yet be expected. I am confident that the Project will be
successfully completed and that all key science objectives will be met.

I recognize that the Space Telescope is the most significant science project
undertaken by the Agency and the most difficult to implement, but the potential value
to science and to our country is immeasurable. The Marshall Space Flight Center and
the entire Space Telescope Team are committed to the successful completion of the
Project.

Thank you.
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APPENDIX A

SPACE TELESCOPE (ST) LEVEL 1 REQUIREVIENTS

Minimum Performance Specifications for the ST

1. ST is a versatile, long-lifetime observatory; i.e., it must have the capability to

accommodate a variety of scientific instruments and vary the complement of

instruments with time.

2. The optical image should satisfy the following requirements in the visual and
near-vacuum ultraviolet wavelengths: Resolution using the Rayleigh criterion for

contrast of 0.10 arc-second; A full-width half-intensity diameter of 0.10 arc-second;
70% of the total energy of a stellar image must be contained within a radius of 0.10
arc-second.

3. The overall ST system must work efficiently down to wavelengths permitting the
study of the Ly-a line at 1216 A , requiring reaching to about 1150 A . Likewise, it

must allow efficient observations at infrared wavelengths longer than those readily
accessible from the ground.

'^. The system should accommodate at least four scientific instruments.

5. It must be capable of measuring objects appreciably fainter than those accessible
from the ground. At the present this means going to about 27 M,, with a
signal-to-noise ratio of 10 in 'f hours of observing time.

V

6. It must be capable of measuring extended sources of surface brightness of 25 M
per square arc-second with a signal-to-noise ratio of 10 in 10 hours, with a resolution
of at least 0.25 arc-second with a detector whose quantum efficiency is 10% and
whose photometric accuracy is limited only by photoelectron statistics.

7. The ST must have the capability of using Scientific Instrument entrance
apertures comparable in size to the image.
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Questions submitted by Chairman Volkmer during the

June 14, 1983, hearing at which Dr. Lucas testified
on the Space Telescope.

QUESTION 1 :

Dr. Lucas, the Space Telescope program was first
rebaselined in December, 1980.

a. What were the reasons for that rebaseline?

b. What were the major actions taken as part of

the December 1980 rebaseline?

ANSWER 1:

a. In 1980, the Space Telescope launch was
rebaselined from late 1983 to the first half of 1985
due to technical difficulties which made the
December, 1983, planned launch unattainable.
Therefore, the development activities were rephased.

b. The major action taken as part of the
rebaseline was slipping the launch from December,
1983, to the first half of 1985. Major milestones
were also slipped consistent with the launch delay,
and the contractor's activities were phased
accord ing ly

.

QUESTION 2 :

Dr. Lucas, we understand that initially there were
limits on the manpower at Marshall that could be
assigned to the Space Telescope.

a. What was this limit? Why was such a limit
imposed?

b. When did you first reclama this limit?

c. When was this manpower ceiling raised?

d. Are you under any limitations at the current
t ime ?

ANSWER 2:

_„^w^„a.^_,, j^^ was believed that only
approximately 100 Marshall Space Flight Center (MSFC)

1 S

perceived experience of the
contractors. However, as the design

activities progressed, the need
manpower at MSFC was recognized.

Initially,
o y ^ i. ^/ A. A.T5i3C6Xy lUU i.'idi.tsii^xx i^pa\_c:: i.xj.giiu v/c::i.il.^a. \xi.i_/j.v

personnel would be required for overseeing the Spac
Telescope development activities. This belief wa
1 J 4-1 • J - • _r t. u ^ 4based on
assoc iate
deve lopment
add it ional

the two
and
for



27

b. There has been a steady increase in manpower
from approximately 100 in 1978 to 250 at the present
t ime .

c. The level of manpower working on Space
Telescope has increased steadily over the years as
the development technical difficulties were
r ecogn ized .

d. There are no manpower limitations on Space
Telescope at MSFC , other than that dictated by
prudent resource management.

QUESTION 3 :

We understand that the Marshall project office was
initially organized "functionally" versus being
"projectized by major subelement." Why was
"functional" organization used?

a

ANSWER 3 :

The entire MSFC is a "functional" organization;
therefore, the Space Telescope office was organized
consistent with the rest of the Center.

QUESTION 4 :

Dr. Lucas, what previous experience did Marshall have
to undertake overall project management for a program
such as the Space Telescope?

ANSWER 4 :

MSFC has previously successfully managed large,
complex projects of a similar nature involving
multiple scientific instruments, aerospace contractor
and scientific community interfaces, cooperative
efforts with the European Space Agency, mission
operations interfaces with the Goddard Space Flight
Center and the Johnson Space Center and multiple
hardware contractors. Most significant of these

programs was the Skylab, Apollo Telescope Mount

(ATM), High Energy Astronomy Observatories (HEAO),

and Spacelab development. In addition, numerous

smaller scientific projects have been successfully
managed by MSFC.

QUESTION 5 :

a. Dr. Lucas, would you agree that the "systems

engineering" effort has been grossly understaffed in

the past?
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b. Does Marshall retain primary responsibility
for systems engineering or does Lockheed have primary
responsibility?

c. With regard to the systems engineering effort,
how do you decide whether to retain a task in-house

or to assign it to the contractor?

ANSWER 5 :

a. There were shortages
not gross under st aff ing

.

in critical areas, but

b. MSFC is responsible for accomplishment of

Space Telescope systems engineering - Lockheed is

under contract to support MSFC in this important
activity.

on
on

and
all
are

c. The in-house versus contractor decisions
systems engineering task assignments are based
applicable experience, expertise, priorities,
timely access to required input data. However,
systems engineering tasks done by the contractor
monitored by experienced MSFC personnel.

QUESTION 6 :

a. Dr. Lucas, how would you characterize the

current assessment of technical difficulty compared
with the assessment of technical difficulty when the

program started?

b. Have there been technical surprises?

ANSWER 6

a. The current assessment of the technical
difficulties does not differ greatly from that at the
beginning of the program. Some difficulties have
been overcome and are no longer a risk; e.g., the
primary mirror polishing and assembly. However, the

total effort required to satisfy the extraordinary
technical demands, such as the pointing system
accuracy, turned out to be much greater than
originally anticipated and planned.

b. Despite our special emphasis on critical
systems from the outset, the extent of the technical
difficulties and the time and effort required to

solve them were not anticipated. Examples are the
need to redesign the focal plane structure and the
Fine Guidance Sensor optics as well as the full
implications of a total contamination control.
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QUESTION 7 ;

Dr. Lucas, to what do you attribute Marshall's
failure to penetrate the Per k in-E Imer activities and
identify the inadequate upper and mid-level
management control at an earlier time?

ANSWER 7 :

MSFC penetrated Perkin-Elmer to the extent normally
required of an aerospace contractor. The Center
normally monitors its contractors' activities to the
major subsystem level. We did track Per k in-E Imer '

s

progress at this level, and through the middle of

1982 the Optical Telescope Assembly schedule
performance was about the same as we had experienced
on other development programs of similar complexity.
The current schedule problems began to significantly
manifest themselves in the fall of 1982. The Optical
Telescope Assembly was falling behind schedule at an
increasing rate, and it was becoming more evident
that the schedule could not be recovered and
additional resources would be required to complete
the remaining activities.

In late 1982, I initiated a comprehensive review of

the Optical Telescope Assembly at Perkin-Elmer with a

number of the top management and technical directors
from MSFC. This assessment was directed to the major
component or assembly level of activity which is not

asually required at aerospace contractors. That
assessment confirmed significant design and

manufacturing problems with the Fine Guidance Sensor,
with the latches, and with some special
deterioration. The preliminary results of these
reviews were reported to this Subcommittee in

February, 1983.

We are continuing to monitor Per kin-Elmer ' s progress
at the major component level with the MSFC project
office personnel located at the Perkin-Elmer plant in

Danbury, Connecticut.

QUESTION 8 :

a. Dr. Lucas, what is your assessment of the

manner in which NASA Headquarters has exercised
overall management
Telescope program?

responsibility for the Space

b. Have there been major disagreements
program direction or resource requirements?

over
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c. How would you characterize the lines
communications between Marshall and Headquarters?

of

ANSWER 8

a. NASA Headquarters has exercised its overall
management responsibilities for the Space Telescope
in essentially the same manner as it has done for
other space science and applications projects
however, like MSFC, the level of staffing of the NASA
Headquarters project office may have limited its

ability to effectively overview and assess project
progress and problems.

b. There have been no major disagreements over
program direction or resource requirements.

c. NASA Headquarters has overall responsibility
for managing and directing all aspects of the Space
Telescope project. MSFC has project management,
responsibility for all Space Telescope project
hardware development activities, and for maintenance
and refurbishment preparation activities. In this
capacity, the MSFC project office reports directly to
the NASA Headquarters on all project related matters.
Thus, there is direct line of communication between
Marshall and Headquarters.

QUESTION 9 ;

What are the major lessons
Telescope development experience

ANSWER 9

:

learned
?

from the Space

I think we have learned the importance of clearly
defining a program before we begin. I believe we did
define this program in its overall concept before we
began; however, we underestimated the technical
complexity of the Space Telescope development.

QUESTION 10 :

a. Could you elaborate on the contamination
problems— both molecular and particulate?

b. What is being done to minimize the chances of
contamination since more than than three years remain
before launch?

c. How will you handle the contamination problem
during refurbishment? Has this been carefully
thought out ?
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ANSWER 10

a. The contamination problem of the most concern
and the one that has received the greatest attention
is that of particulate accumulation on the primary
mirror. Since the mirror was coated in December,
1981, particulates visible to the eye have
accumulated during the various test and assembly
operations perforated in controlled environments.
Measurements have been made to determine the size and

density of these particles. The results have been
compared to the acceptance criterion that was
developed based on the scientific requirement
specified by the Science Working Group. This
comparison shows that there is a margin between the

particulate level presently on the mirror and the

acceptance criterion. However, because of the

concern of continued particular contamination, the

mirror will be cleaned as late as possible prior to

launch. The techniques and procedures for doing this

are now being developed. It is planned that this

cleaning operation will be performed just prior to

integration with the secondary mirror structure.

In addition to particulate contamination, the

question of molecular contamination of the primary
mirror has been raised. Witness samples that were
coated with the mirror and which are, in all

probability, reasonable representations of the state

of cleanliness of the overall primary mirror have

been measured and show no loss in reflectivity. This

indicates that, if there were any molecular
accumulation, it did not affect the coating

performance. However, because of the extreme

criticality of the primary mirror reflectivity, a

direct reflectance measurement of the actual mirror

is planned to verify its optical performance.

Based on the measurements and analyses that have been

made to date, the primary mirror meets its

performance requirements. Stringent contamination

control measures will continue to be taken to assure

that the mirror's performance is not degraded below

the acceptable limits.

b. All aspects of the Space Telescope

contamination control plan are being reexamined to

ensure the adequacy of the plan and to ensure that

procedures are in place to assure its effective

implementation. Changes to the plan that have

already been made include the vacuum bakeout of all

hardware elements with a direct view of the mirrors

to minimize the potential for molecular

contamination; more stringent control and monitoring

of work area, clean room, transportation, and storage
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environment; double bagging of hardware after
cleaning and bakeout; and increased frequency of

inspections and audits of contamination related
activities.

A cover to provide increased protection for the

primary mirror during assembly and verification is

being investigated. A conceptual design is presently
being evaluated using a scale model of the Optical
Telescope Assembly. Should this investigation show
that such a cover is feasible and would be effective
in protecting the mirror, direction will be given for
its implementation.

c. An analysis of the types and source of

contamination that could potentially pose a threat to

the Space Telescope during on-orbit refurbishment
operations has been initiated but has not been
completed. In addition, techniques and procedures
for minimizing these sources are being reviewed. Forror minimizing tnese sources are oeing revieweu. ruL
example, the Johnson Space Center is developing a

handling approach that will minimize the potential
for contamination due to the orbiter indigenous
environment. Also, the aperture door will be closed
and the solar arrays rolled up during refurbishment.
All hardware and materials will be cleaned, vacuum
baked, and double bagged to ensure their cleanliness.
In summary, all refurbishment operations, including
hardware and materials used will be evaluated for
contamination potential and appropriate steps will be
taken to preclude a source of either particulate or

molecular contaminants.

QUESTION 11 ;

Could you elaborate on the technical difficulties
which have been experienced with the Fine Guidance
Sensors?

ANSWER 11 :

The principal Fine Guidance Sensor (FGS) technical
difficulties experienced to date have been associated
with developing a state-of-the-art instrument of
substantial complexity with rigorous tolerance
requirements. More specifically:

1. The design of the optical elements is

extremely complex and required early major redesign
to achieve requirements.

2. Difficulties during the manufacture of very
precise Koesters' prisms have required extensive
analysis and additional manufacturing efforts.
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3. The extreme stability
requirements of the servo system
numerous development problems.

and accuracy
has resulted in

4. The optical bench stability requirements have
necessitated extensive development efforts and
ultimately the use of gr aph i t e-epoxy structures.

5. The development of the electronics and power
system for the FGS has experienced difficulties in

power supply, software, and logic development.

6. Extremely small tolerances required for
verification of FGS alignment accuracies have
resulted in difficulties in the definition of the

required test equipment.

QUESTION 12 :

a. Dr. Lucas, how does Marshall fulfill its

responsibilities of oversight over the Goddard Space
Flight Center Space Telescope activities?

b. Does Marshall have good visibility into the

Goddard activities?

ANSWER 12 :

a. MSFC has management responsibility for all

aspects of the Space Telescope. GSFC has

responsibility for the science instrument development
and operations and, as such, is responsible to MSFC

in the execution of these responsibilities.
Oversight of the Goddard Space Flight Center's Space

Telescope activities is accomplished by clear

delineation of responsibilities and appropriate
visibility of progress and problems. Joint quarterly

reviews of the entire project are held to review
progress and problems for all project elements and to

assist in the coordination and integration of all

participating organizations.

b. Marshall has good visibility into Goddard's

Space Telescope activities.

QUESTION 13 :

a. What will be the role of Marshall, if any,

during the operational phase of the Space Telescope

pr ogr am?

b. Will Marshall have responsibility for

refurbishment and maintenance?
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ANSWER 13 :

a. MSFC has overall project management
responsibility for the Space Telescope, which
includes development, operations, and maintenance and

refurbishment. During the operational phase, overall
management responsibility is expected to remain at

MSFC, with GSFC having direct responsibility for
science operations.

b. Yes, MSFC will have direct management
responsibility for future maintenance and
refurbishment activities.

QUESTION 14 :

a. Could you describe the award fee structure for
both associate contractors (Lockheed and Perkin-
E Imer ) ?

b. Who is the responsible official for
establishing the award fee?

ANSWER 14 :

a. The award fee structures for Lockheed and
Perkin-Elmer are the same. Each contractor is

evaluated periodically, generally semi-annually, for
attainment of contract commitments during that
specific award fee period. The award fee is based on
performance under three major criteria which are:
technical and schedule achievement, cost performance
and business management.

b. The MSFC Deputy Center Director, as the fee
determination official, has responsibility for
establishing award fees.

QUESTION 15 :

a. With regard to the Perkin-Elmer contract award
fee, what amount of fee has Perkin-Elmer earned
compared to what has been available?

ard fee based on schedule, cost.b . Is aw
technical performance

ANSWER 15 :

or on what basis

a. Through November 30, 1983, Perkin-Elmer earned
$2,568,618 of the available $4,894,227 award fee.
The earned fee equates to 52 percent of the available
award fee.
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b. The award fee is based on technical and
schedule achievement, cost performance and business
management. The bulk of the award fee earned to date
by Perkin-Elmer is for technical achievement.

QUESTION 16 ;

With regard to the Lockheed contract award fee, what
amount of fee has Perkin-Elmer earned compared to the
maximum that was available?

ANSWER 16:

We believe the question pertains to Lockheed rather
than Perkin-Elmer. Through September 30, 1982,
Lockheed earned $6,397,039 of the
$7,052,424 award fee. The

ava ilab le

earned fee equates to 91

percent of the available award fee.

QUESTION 17:

a. How would you characterize Perkin-Elmer
attitude toward making needed management changes?

b. Are there outstanding issues between Marshall
and Perkin-Elmer related to management structure or

approach?

ANSWER 17:

a. Initially, Perkin-Elmer was reluctant to

adjust its management structure. Since the first of

this year, however, Perkin-Elmer management has

displayed the willingness and ability to act

decisively to modify company and project management
s true tur e s .

b. While the effectiveness of some of Perkin-

Elmer's recent management changes have yet to be

demonstrated, there are no outstanding issues between
Marshall and Perkin-Elmer related to management
structure or approach.

QUESTION 18 ;

Could you elaborate on

which have been made
associate contractors?

the organizational changes

at both Marshall and the

ANSWER 18:

A number of changes have been made in both the

organization and management of the Space Telescope
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project to provide improved working relationships, to

better define management responsibilities of major
components; to provide greater contractor management
involvement and visibility; and to assure early

identification of potential problem areas. Discussed

below are the major changes made the MSFC and the

associate contractors.

Marshall Space Flight Center (MSFC)

A new manager, Mr. James Odom, was appointed to head

the Space Telescope Project Office. His appointment
has made available to the Space Telescope Project
Office, during the critical assembly and test phase,

a highly successful hardware manager form the Shuttle
program, Mr. Odom was manager of the Shuttle External
Tank project.

Mr. Odom was provided with a highly qualified senior
individual as a deputy with full responsibility for
discharging all systems engineering activities at

MSFC, GSFC and the associate contractors. The person
appointed to this position has had significant
technical an managerial assignments at MSFC, and come
to this new position from an assignments at MSFC, and

comes to this new position from an assignment as the
director of a major laboratory. He is supported by a

newly formed Systems Engineering Project Office and a

strengthened systems engineering organization within
the MSFC Science and Engineering Directorate as well
as an enhanced and dedicated Lockheed systems
engineering organization. These systems engineering
changes will significantly enhance the analytical
integration, verification and operational planning
for all elements of the Space Telescope project and
will increase the involvement of the science
community in these important activities.

Two subordinate offices to the Space Telescope
Project Office, the Optical Telescope Assembly and
Support Systems Module Project Office, have been
established with full authority for management of

their respective systems, and each is supported by a

dedicated procurement organization. This realignment
relieves the Space Telescope Project Manager from the
day-to-day direction of the Optical Telescope
Assembly and Support Systems Module projects, and
allows him to concentrate his full attention on the
management of the overall project.

The newly appointed Optical Telescope Assembly
Manager and his staff have been relocated on-site at

the Perkin-Elmer facility to obtain visibility to a

level of penetration not usually necessary for
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direction of the contractor efforts on a daily basis.
This relocation has contributed significantly to the
improvement of the contractor's performance.

Per kin-Elmer

Perkin-Elmer appointed a new and experienced project
manager to strengthened the management and
programmatic disciplines in the Optical Telescope
Assembly organization. Major realignments were made
and the staffing of the Optical Telescope Assembly
Project Office was increased to give greater emphasis
to manufacturing, assembly, and test operations, and
to improve visibility and control of schedules and
cost. The executive vice president of Perkin-Elmer
became the acting head of the Optical Group under
which the Optical Telescope
assigned. In this capacity,
other changes to strengthen
management structure. Since
testimony, a new executive, Mr
has been named as vice president
Optical Group at Perkin Elmer.

Assembly project is

he has made several
the Space Telescope
my June 14, 1983,
William W. Chorske,

in charge of the

Lockheed Missiles and Space Company

The Space Telescope systems engineering and
integration function at Lockheed has been separated
from the Support Systems Module activity to enhance
the support to MSFC . Staffing has been increased and

the function now reports directly to the Lockheed
vice president for NASA progress, which provides for

much greater visibility by top management at Lockheed
as well as increased emphasis on Space Telescope
within Lockheed.

QUESTION 19 ;

a. Are you aware of any contractor mischarging
which way have occurred?

b. Have you undertaken any investigations to look

for contractor mischarging?

ANSWER 19:

a. Not in the context of intentional mischarging
designed to benefit the contractors. Recognizing
that recording and accounting costs are not exact

sciences, there have been occasional disagreements
between Government auditors and contractor
accountants as to accounting methodologies and

incurrence of costs. These disagreements have always

been equitably resolved.
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b. We have had no reason to undertake any
investigations to look for contractor m is char g ing

.

However, NASA routinely utilizes Defense Contract
Audit Agency resident auditors in each contractor's
plant. These auditors perform continuing audits of

all costs incurred and, in addition, perform periodic
and random tests of contractor accounting practices
and systems to validate the propriety of contractor
charges .

QUESTION 20 :

Are the scientific requirements being descoped in any
way ?

ANSWER 20:

The Space Telescope science
being descoped in any way.

performances are not

QUESTION 21 :

If molecular contamination were to occur, could such
contamination be removed? Is such a procedure well
understood? What would be involved?

ANSWER 21 :

Should molecular contamination be verified, it would
result in a significant impact to the program. There
is currently no established process for removal of
molecular contamination without contacting the mirror
surface, and that carries with it substantial risk of
damage to the mirror coating. Should molecular
cleaning become necessary, however, one would develop
a least risk methodology based upon the identify and
amount of contamination and attempt the cleaning.
Failing that, it might be necessary to remove the
mirror from the support ring, remove all hardware and
coating from the mirror, and subject it to recoating.

QUESTION 22 :

What alternatives are under consideration to provide
a solution to the lack of active memory capability?

ANSWER 22:

Both hardware and software alternatives are being
considered to provide sufficient active memory
capability such as:
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1. The use of an existing backup memory module to
increase the normal computer base size by 8192
locat ions

.

2. Add on an auxiliary random access memory
device for programmable memory and stored program
command s

.

3. Modify the data management unit to process
programmable telemetry.

4. Add on an interface box between the data
interface unit and the high gain antenna to
accomplish antenna pointing.

5. Add a second DF-224 computer.

QUESTION 23 ;

What are the additional costs associated with the
decision to use the first Fine Guidance Sensor as an
engineering model?

ANSWER 23 :

The additional cost associated with the use of the

first flight unit of the Fine Guidance Sensor as an
engineering model will be approximately $4.5 million.

QUESTION 24 ;

If you could do it again, would you have as many
cooks in the kitchen, that is, would there be as many
contractors and centers involved?

ANSWER 24 ;

Although there was good logic for the current Space

Telescope contractural arrangements, I believe the

project could possibly have been accomplished more
effectively under a single prime contractor
arrangement. Having two centers involved in the

management of the Space Telescope development (MSEC

for the support systems module and optical telescope
assembly, and GSFC for the science instruments) has

not, however, been a major problem.

QUESTION 25:

If Perkin-Elmer has been able to follow the original

schedule, would Lockheed have had any trouble in

meeting the original schedule?
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ANSWER 25 :

We believe the Lockheed development effort has been
on schedule, however, we believe there were certainly
some potential risks to Lockheed completing their
portion of the Space Telescope development activities
on schedule.

QUESTION 26 :

Would an early emphasis on systems engineering have
minimized the effect of some of these problems?

ANSWER 26

:

to
is

Inadequate systems engineering is not considered
be the cause of our current problems. It i.a

possible, however, that had more emphasis been placed
on systems engineering, we may have identified
certain problems earlier, thus minimizing the
schedule impact currently being encountered.

QUESTION 27 :

If the funding shifts had resulted in cutting the
support system module at Lockheed, rather than the
systems engineering support, what would have been the
impact s ?

ANSWER 27

More systems engineering effort may have equipped us
to better anticipate development problems as driven
by requirements. However, many problems do not fully
manifest themselves until the hardware development
and test phase is well underway. It is my belief
that the current situation has been driven more by
the stringent technical requirements to meet program
objectives than by the lack of systems engineering
efforts.
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Mr. VoLKMER. Thank you very much, Dr. Lucas.

We will now proceed with questioning under the 5-minute rule. I

recognize the gentleman from New Mexico.

Mr. LuJAN. Thank you, Mr. Chairman.
Do we have a cost and time, for when and how much?
Dr. Lucas. We are working toward the optical telescope assembly

being delivered to Lockheed in November 1984, with a June 1986

launch. The total runout cost under consideration now is in the

$1.1-$1.2 billion range; however, we will be able to provide better

defined estimates about the end of July/August timeframe.

[The information follows:]

The estimated preliminary total runout cost is on the order of $1.1-$1.2 billion;

however, we will be able to provide a better defined estimate about the end of July/

August timeframe.

Mr. VoLKMER. Would the gentleman yield for just a moment?
Mr. LuJAN. Certainly.

Mr. VoLKMER. I would like first, without objection, unless some-

one objects, to give permission for filming to proceed, if they so

desire, unless someone on the committee objects. You may proceed.

Thank you, Mr. Lujan.

Mr. Lujan. You can't give us a figure?

Dr. Lucas. No sir, our reviews are not yet completed.

Mr. Lujan. Can you give us a ballpark figure?

Dr. Lucas. I think the ballpark figure is on the order of $1.1 to

$1.2 billion.

Mr. Lujan. What did it start off as?

Dr. Lucas. The original estimate was $435 million or a range of

$425-$475 million in fiscal year 1978 dollars which is about $610

million in real year dollars. Therefore, the $1.1-$1.2 billion range

mentioned earlier should be compared to a $610 million funding

level, if one is to compare apples and apples.

Mr. Lujan. So we have 2>k times that?

Dr. Lucas. The $425 to $475 million estimate excluded inflation.

Mr. Lujan. Don't you take inflation into account when you look

at the overall cost? You say this program is going to cost us $450

million. Don't you look ahead 2 or 3 or 5 years as to what the mfla-

tion factor is going to be?

Dr. Lucas. The original estimates were m 1978 dollars and so

Mr. VoLKMER. Would the gentleman yield on that point for just a

moment?
Mr. Lujan. Sure.

, , i •. • +u
Mr VoLKMER. It is more on the revised schedule than it is on tne

cost, in your statement you say that detailed revised schedules and

revised cost to complete are being prepared and will be available

later this summer. We know you are giving us the completion date,

but you don't yet have the detailed schedules of that?

Dr Lucas. Mr. Chairman, what we are planning to do there is to

make sure that we balance the entire program. Perkin-Elmer has

committed to delivery of the OTA in November 1984. Assuming the

receipt of the OTA by Lockheed in November 1984 we anticipate

we can launch the space telescope in June 1986. However there

are many other elements that play into preparation for the launch,
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and these have to be scheduled most efficiently so that they don't

get ready before we need them and use up costs unnecessarily.

That is what I mean by the revised detailed schedules. I don't

think the OTA delivery and launch schedule that we are givmg to

you now will change, and I referred to the costs that are now bemg

estimated assuming these higher level schedule dates.

Mr. VoLKMER. You don't believe there is any further unanticipat-

ed surprises that will occur within the integration of the support

module with the vehicle itself or the optical telescope with the sup-

port module? All those things have to take place yet, do they not?

Dr. Lucas. It would be abnormal, Mr. Chairman, if we didn't en-

counter any problems. We will encounter some problems, but I be-

lieve the schedule that we have outlined and the costs that we will

present to you will include enough contingency to cover the normal

kinds of problems associated with this activity. I can't say that we

won't have more unanticipated problems. We have had a very thor-

ough evaluation of the program with the best people available to

us, and based upon that assessment, we believe that we understand

the program and have made prudent revisions to our plans.

Mr. VoLKMER. Thank you very much.
I yield back to the gentleman from New Mexico.

Mr. LuJAN. Thank you, Mr. Chairman.
I have been maybe unduly critical of the contractor in various

hearings that we have had, just laying the whole thing right on

their lap, that I suppose is not quite fair to say: well, because of

you this whole program didn't go on. Let me see if there isn't any

shared responsibility for those delays.

The contract was issued in 1979. It was rebaselined in 1980. But

you tell us when you found out something was wrong in 1982, then

we got hot on their trail. Didn't you have any indication that you

had some problems when you rebaselined it in 1980?

Dr. Lucas. Mr. Lujan, Perkin-Elmer has not been precisely on

schedule since very early in the program. We did the whole ST pro-

gram during the fiscal year 1982 budget formulation process. The
schedule tracking looked pretty good up through about the middle

of 1982 but the loss of schedule—that is, the falling behind of

schedule—began to accelerate in August. That is the time we
became concerned

Mr. Lujan. Is that when deliveries were due?

Dr. Lucas. No, it was not when deliveries were due, but I think

part of that had to do with our looking in and finding out that the

contractor's plans would not support the type of schedule that he

was giving to us. When you get nearer to the hardware stage, you

normally find what your problems are.

Mr. Lujan. Were there changes in requirements during this

time?
Dr. Lucas. No, sir, there were no changes in requirements that

would have caused this.

Mr. Lujan. What we are coming up with is pretty much what we
originally thought we needed? That has held pretty true and that

is what we are going to get when it finally is up there?

Dr. Lucas. We are still working to the same specifications we
started with. I have no reason to believe we won't meet those. We
haven't increased or decreased the specifications. However, I think
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in all fairness one must say that virtually every aspect of the pro-

gram with which Perkin-Elmer deals has been on the cutting edge

of technology. When you implement that kind of a program, you

have some problems, and they have had some.

Mr. LujAN. Are there backup parts to this whole telescope?

Dr. Lucas. Yes, sir, there have been. As I mentioned earlier in

the testimony, we thought the primary mirror was going to be the

great problem. It was on the critical path in the early days of the

program, and we were sufficiently concerned about that to have

started a backup mirror polishing at Eastman-Kodak. As a matter

of fact, that backup mirror polishing was completed; however, it

was not coated, and it is now in storage. It was stopped at the point

when it was evident that Perkin-Elmer was going to be successful

in their polishing of its mirror. So, we had a backup at that partic-

ular point.

We have had other backups along the way. For example, when
we encountered the latch problem last fall, we started a backup at

Lockheed. It subsequently has been stopped because of the success

we had with the mainstream latches.

Mr. LujAN. It is a different system that you try when you start

putting together the backups?
Dr. Lucas. Do you mean for the mirror?

Mr. LuJAN. Both that and the latches.

Dr. Lucas. In the case of the mirror, we used the same kind of a

mirror, but we used a polishing technique that was different from

what Perkin-Elmer was using. In the case of the latches, we were

considering a different kind of coating than Perkin-Elmer would be

using. Actually, Perkin-Elmer changed the coating from an alumi-

num oxide to a tungsten carbide cobalt coating. That seems to have

solved that problem.
Mr. LuJAN. Suppose somebody dropped the mirror?

Mr. VoLKMER. Just forget it.

Mr. LujAN. Well, it wouldn't be forget the whole project. You
have the other backup. Can you kind of move along with it?

Dr. Lucas. That would be a very great blow to the program. We
just are not going to drop that mirror. The mirror is now mounted.

I think if we were going to drop it, it would have already been

dropped. It is now mounted in the flight ring. One of the problems

in handling that mirror, was that the handling fixtures had to be

treated with such great care. I will tell you, I had a sleepless night

as they transported that mirror from Danbury, over the roads of

Connecticut, to have it put in the chamber and coated.

If such an unlikely and unthinkable event happened, that we

would drop the mirror and break it, we could use the backup

mirror; but, it would still have to be coated and go through all this

very careful alignment and mounting procedure that we already

have behind us in the primary mirror.

Mr LuJAN. To get rid of this accumulation that will happen be-

tween now and the time of launch—I gather that is what you were

talking about, that it gets film on it or whatever—what do you

have to do? Grind it back again, a little vinegar and water, or

what? . . , <.u 4-
•

Dr. Lucas. To remove particulate contamination, the plan tnat is

now being considered is that we would turn it upside down and



44

very carefully, at the proper angle, blow air across the mirror from
the bottom side to rid it of the particulate contamination.

Mr. LujAN. That is just dust and specks on it that gather?

Dr. Lucas. Yes, it is dust that covers two-tenths of 1 percent of

the surface, so it is not as if it is a dusty road. It does have dust

particles that are of great concern to astronomers, but it is not a
great deal of dust in terms that we normally think of.

Mr. LuJAN. Is it in some case or something so that it is not col-

lecting dust?
Dr. Lucas. It is covered presently in a 10,000 K clean room.
Mr. LujAN. How about in transportation?

Dr. Lucas. It will be encased in such a way as not to be subject

to dust accumulation at that time.

Mr. LuJAN. Thank you, Mr. Chairman.
Mr. VoLKMER. The Chair will now recognize the gentleman from

Washington.
Mr. Chandler. Thank you, Mr. Chairman.
Dr. Lucas, to follow up on the questions of the gentleman from

New Mexico, I understood that despite the fact that, as you de-

scribe it, only two-tenths of 1 percent of the surface of the mirror is

covered by dust, that whatever accumulation was on it was going
to result in the mirror only being about 80 percent of effectiveness.

Is that incorrect? Did I read that incorrectly?

Dr. Lucas. That is incorrect. I have heard that statement, too.

Jean Olivier, could you comment on the effect of the particulate
contamination we now have?
Mr. Olivier. We have just recently completed a very detailed

evaluation of the particulate contamination on the mirror by actu-
ally photographing it at very close scale and measuring the particle
size. The importance of this is that the size of the particle has a
direct bearing on the scattered light effect on the image that is

formed. It is something roughly proportionate to of the fourth
power of the diameter of the particle. Therefore, we are very con-
cerned particularly about any larger particle that would be on it.

We have completed this evaluation, and we have agreed with the
science community on criteria which would be acceptable. We have
successfully translated this into a derived engineering criteria on
particle count distribution. We found, just recently, in the comple-
tion of the reduction of this data that we are probably within a
factor of less than two of being up to this limit. That means that
we have a margin that we can deal with between now and the time
of launch, which is a very important factor because we must make
sure that we do not continue, to accumulate dust on this mirror be-
cause we have another few years ahead of us before launch.
We have worked this problem to the point that we feel we do un-

derstand it. Although we have not exceeded the amount of particu-
late contamination which we believe can tolerate, we still plan to

clean the mirror in this very benign way by blowing air over it.

That gives more margin, so that we can make sure that we do not
exceed, in the years to come before launch, any unacceptable build-
up of particulate contamination.
Mr. Chandler. For a very lay layman, back to the percentage of

effectiveness terms, the 80 percent isn't the number. What is?
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Mr. Olivier. I would estimate from a particulate standpoint we
have built up roughly 25 percent of the allowable buildup of partic-

ulates before we could begin to affect science.

I don't understand exactly the context in which the 80 percent

was brought up. They may have been referring to molecular con-

tamination. Molecular contamination would be that kind of con-

tamination which would affect the throughput of the mirror. It

would reduce the reflectivity, if you will. That has been measured
and monitored by indirect means. By that I mean we have a

number of small witness samples that were coated at the same
time the mirror was coated. These witness samples have been kept

in close proximity of the mirror throughout its whole lifetime. We
have been continually monitoring the reflectivity of these small

samples. The contractual requirement at Perkin-Elmer was that in

the far UV, that this mirror have a 70-percent reflectivity. That re-

flectivity was measured at about 78 percent, so we are above speci-

fication. We have constantly monitored these witness samples.

One of the questions that has been raised is, "If you are not

measuring directly on the mirror, how do you know the witness

samples represent the mirror?" That is a good question. We are

confident of the witness samples, but we do plan to measure the

mirror in the very near future, just to confirm the approach we
have taken.
Mr. Chandler. I think those reflectivity numbers must have

been the ones that Mr. Lucas and I were reading.

You made a statement a moment ago, Mr. Lucas, that you felt

that one of the problems throughout this was that "we are on the

cutting edge of technology." From what little I have been able to

learn about it, I would certainly agree.

How much of that fact is the problem and how much of it do you

blame on mismanagement or whatever else you would like to de-

termine? Obviously you are breaking some new ground here.

Maybe you could also, for the benefit of the committee, compare it

to similar technological groundbreaking projects and its complex-

ity, if that is a valid comparison to make.
^

Dr. Lucas. It is a very difficult comparison to make. We haven t

encountered a telescope of this complexity before. I think the size

and the precision of this telescope exceeds anything that has ever

been done before. I really don't have a base to compare it to. I

think a very substantial part of the problems that we have encoun-

tered have been associated with these technical difficulties. The

management I suppose comes into play in the response to technical

difficulties that one has. I think a very significant part of the prob-

lem is associated with these technical difficulties.
. ^ re-

Mr. Chandler. Perhaps you underestimated the technical diffi-

culties to begin with.

Dr. Lucas. One would have to admit that we did underestimate

the technical difficulties from the outset.

Mr. Chandler. Thank you, Mr. Chairman. I have no other ques-

tions.

Mr. Volkmer. The gentleman from Florida?

Mr. MacKay. Thank you, Mr. Chairman.

I am sorry. I came in late. Who was the general contractor.''

Dr. Lucas. I beg your pardon?
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Mr. VoLKMKR. The question is who is the general contractor.

Mr. MacKay. There are two associate contractors

Dr. Lucas. There is no general contractor. It was decided at the

outset that we would have two associate contractors, and it is the

responsibility of the Marshall Space Flight Center to pull these ac-

tivities together.

Mr. MacKay. I noticed there were a number of management

changes at the top management level. If the problem came about

because of unforeseen technical difficulties, it would have looked

like there were some scapegoats somewhere. I am saying it looks to

me like there was a combination of perhaps not enough priority

and the technical difficulties

Dr. Lucas. At the Marshall Space Flight Center, the origmal

project manager left the center and a second project manager was

appointed to replace him. He served until the appointment of Mr.

Odom just a few months ago.

At the Lockheed Missiles and Space Co., the origmal project

manager at that plant is now vice president for NASA programs

and has that project manager under his management. There has

been continuity there.

At Perkin-Elmer there have been, I believe three management
changes. The original project manager was changed at a time that

I think was appropriate when we had advanced from the early

technology to the point of manufacturing. A manager with a manu-
facturing background was appointed as project manager, and then

he was replaced with the current manager, who was selected last

August, and who I think is the kind of manager that Perkin-Elmer

had been looking for.

Mr. MacKay. Do you feel that the Marshall Space Flight Center

was sufficiently on top of the problems at Perkin-Elmer, or were

there surprises there?

Dr. Lucas. The Marshall Space Flight Center was tracking the

ST program very carefully. We knew week-to-week the progress of

the Perkin-Elmer Co. in achieving the schedules that they had
committed to us. In a project of this nature, there are several levels

of activity. We call them levels 1, 2, and 3. Level 1 is the space tele-

scope, level 2 is the OTA and SSM and level 3 is the subsystem

level. Normally we track to level 3. Because of the continuing prob-

lems in making schedules, we made an assessment last fall at level

4. We took people who were familiar with scheduling programs
into the plant, on the floor, and found out what was going to have

to happen in order that they could meet the schedules that they

were committing to us.

We are now tracking at that level, which as I mentioned before

you came in, is unusual in the management of an aerospace con-

tractor.

Mr. MacKay. Thank you, Mr. Chairman.
Mr. VoLKMER. Thank you.

I have several questions. Maybe I can get finished before we vote

on this vote.

One thing I noticed in your statement is you lead me to believe

that some of the problems caused by deferring work to later years

is staying within your annual budget. I would like to know—if you
can't tell me right now, all right, because I am going to give you
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other questions that I am going to ask you to answer in writing

—

what work was deferred and how that impacted on both time and
cost.

Dr. Lucas. To give you a complete Ust, Mr. Chairman, I would
have to request permission to submit that for the record.

Mr. VoLKMER. Yes, I would like to have that, when that started

and how far back it goes. I am fairly new on the scene on this

work, just knowing recently about it, and it appears to me that

things like the gentleman from New Mexico brought out, that in

1980 there was some question, but I would like to know when that

all came about.

[The information follows:]

During fiscal year 1982, the Space Telescope project experienced cost and schedule
problems which exceeded the amount budgeted in fiscal year 1982 and in order to

remain within the fiscal year 1982 Space Telescope budget, it was necessary to defer

approximately $10 million of OTA work and approximately $6 million of SSM work
into fiscal year 1983. These deferrals, coupled with a 2-month schedule slip, impact-

ed the runout cost. During early fiscal year 1983, the project schedules continued to

slip, necessitating a rebaselining of the Space Telescope project, which is currently

in process.

OTA Deferrals—fiscal year 1982 to fiscal year 1983: Approximately $10 million.

Secondary Mirror Assembly; Optical Control Sensor; Fine Guidance Electronics/

Optical Control Electronics; Action Control Electronics; Electrical Power/Thermal
Control Electronics Sensor; Electronics Assembly, and Main Baffle.

SSM Deferrals—fiscal year 1982 to fiscal year 1983: Approximately $6 million.

Structures Manufacturing; and Electrical Ground Support Equipment Engineer-

ing.

Mr. VoLKMER. Do you see any problems with the integration of

the OTA into the support module?
Dr. Lucas. The integration of the OTA into the support system

module will certainly be a challenge. Adequate plans for this inte-

gration are in the process of being made. I would expect that there

would be some problems associated with that, but I think we will

have enough contingency in our schedule to handle any of the

normal problems that come up. I base my confidence on the fact

that we do have very carefully described interfaces between the

various components that have to come together.

Mr. VoLKMER. You don't anticipate any funding shortfall or any-

thing else along that line?

Dr. Lucas. No, sir. We have, in the process of this replanning,

increased the time scheduled for that. For example, we had pro-

grammed eleven months for the assembly and verification testing,

which is where we bring all of the hardware together. In the proc-

ess of this replanning, we have extended that time to 15 months.

So, we have allowed a 4-month contingency over previous plans to

accommodate any of the normal problems that may be encoun-

tered.

Mr. VoLKMER. Will that also mean additional funding is neces-

sary?
Dr. Lucas. Yes, sir, that is part of the schedule and cost contin-

gency.
Mr. VoLKMER. Is that already included in what we have sched-

uled?
Dr. Lucas. It is included in the estimated range I gave earlier.

Mr. VoLKMER. To get back to Perkin-Elmer a little bit, was there

any problem with them in their failing to anticipate the necessary
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test equipment or jigs, et cetera, as they progressed in production

of" the mirror?
Dr. Lucas. Yes, sir, Mr. Chairman. As it turned out, when they

began the very critical assembly of the mirror, they didn't have all

the test and assembly equipment that they needed. I think it was a

matter of running into a more critical problem than they anticipat-

ed, and they did have to supply additional equipment. That is a

part of the increase in cost.

Mr. VoLKMER. Did NASA have to undertake to pay for that addi-

tional equipment, et cetera? Wasn't that anticipated by Perkin-

Elmer?
Dr. Lucas. Yes, sir. It is not fee bearing, but it is a cost we have

to pay.
Mr. VoLKMER. Do you have anything to say, in retrospect, look-

ing back on the incentive award given to Perkin-Elmer?
Dr. Lucas. No, sir. Perkin-Elmer has not been paid any incentive

award in the last 18 months. If you look over the whole program
up through the last evaluation, Perkin-Elmer had earned on the

order of 52 percent of the award fee that was available during that

time. If you consider the cost that they had incurred up to that

period of time, the amount of award and base fee earned is about a
3-percent effective fee.

The award fee is usually done on the basis of 6-month schedules.

We set up milestones, and on the basis of meeting those milestones,

we determine or assess the amount of award fee that the contrac-

tor has earned. During those 6-month periods, they earned what we
judged to have been about 52 percent of the award fee.

Mr. VoLKMER. At the present time, as I understand it, you have
project people from Marshall at Perkin-Elmer. Is that correct?

Dr. Lucas. Yes, sir. Jerry Richardson, our manager for the opti-

cal telescope assembly project, and about 18 or 20 people are in

residence at Perkin-Elmer. They are in day-to-day contact with
what is going on.

Mr. VoLKMER. This, of course, is beyond what is usually done?
Dr. Lucas. We normally do not have a resident office of that size.

Mr. VoLKMER. This will mean additional cost to the Government,
also?

Dr. Lucas. Yes, sir, but I don't know that it would be an increase
to the total cost.

Mr. VoLKMER. No, not total, but there will be some additional
cost, traveling and so forth?

Dr. Lucas. Yes, the travel costs will be higher then normal.
Mr. VoLKMER. We are going to have to recess for 10 minutes and

then we will be back. I have a few more questions.
[Recess.]

Mr. Nelson [presiding]. The meeting will resume. Good after-
noon.
Mr. Volkmer will be back very shortly. I want to continue with

the questioning, if I may. Dr. Lucas.
What are the major lessons that you have learned from the space

telescope development experience that you now have?
Dr. Lucas. I think we have learned the importance of clearly de-

fining a program before we begin. I believe we did define this pro-
gram in its overall concept before we began. Some of the problems
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that we have had have concerned technology that didn't support

where we thought it did. We encountered technical difficulties that

have caused most of our problems.

One of the things that would be helpful, if we had the preroga-

tive of doing it, is that instead of making a cost estimate and a

schedule estimate at the end of phase B, that we be given some
grace period at the beginning of phase C—design and develop-

ment—to define the program somewhat better and only then give

the runout cost and schedule.

Mr. Nelson. How does Marshall fulfill its responsibilities of over-

sight over the Goddard Space Flight Center space telescope activi-

ties?

Dr. Lucas. The Marshall Space Flight Center program manager,
Jim Odom, is the project manager over all elements of the project,

including the Goddard Space Flight Center and the contractors. We
divide program management into what we call levels. Level 1 is the

headquarters program manager. Level 2 is the lead center or the

managing center level, which has overall management responsibili-

ty for the hardware. Goddard would be level 3. These levels should

not be confused with those levels of activity identified earlier for

the space telescope hardware.
In the sense of the OTA and the support systems module, Mar-

shall is both level 3 and level 2. The Goddard Center is responsive

to the Marshall Center in the sense of a level 3 element of the pro-

gram. This is in the development area. For operations it would be a

different matter.
Mr. Nelson. We understand that the Marshall project office was

initially organized functionally versus projectized by major subele-

ment. Is that true and can you explain that?

Dr. Lucas. The Marshall activity has never been projectized. The
Marshall Center operates as a matrix organization where we have

a project manager, and then we have a body of science and engi-

neering people, the preponderance of our center, that constitutes

our technical capability, and each of the projects draws upon that

capability in the matrix fashion as they need to. As I believe you

would define a projectized system, the project manager has under

his direct management every aspect of the program. We do not

now nor have we had that arrangement.
Mr. Nelson. Why was the functional organization used?

Dr. Lucas. That is the system we use, sir. In each of our pro-

grams we have a project manager. Each project that is assigned to

the Marshall Space Flight Center has a project manager and a

project staff The project manager draws upon the technical compe-

tence that we have in a matrix fashion to do the job and overview

the program.
Mr. Nelson. Mr. Lujan?
Mr. Lujan. I am still worried about all the dust and all that on

the mirror. Does it go into launch in a clean room atmosphere,

while it is in the shuttle?

Dr. Lucas. I think the shuttle cargo bay is a tight structure; but

it will not be a class 10,000 clean room that we normally will keep

this telescope in throughout its history.

Mr. Lujan. But you will have built up through that through

launch while it is sitting there? Suppose the same thing happens as
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with the last launch, that it is sitting there for days on end? Is

there protection of that there?

Dr. Lucas. The mirror will not be exposed after it is assembled

in the OTA and the support systems module to the extent it is in

the clean room. It is a concern of ours to maintain cleanliness

while we have it in the cargo bay of the shuttle awaiting launch.

That is a concern that we have not completely resolved yet, but it

will not be exposed in that environment to the extent that it would
be in a clean room. That is from the standpoint of the geometry.

The clean room would be cleaner but the geometry was ideal for

contamination as far as the telescope was concerned at Perkin-

Elmer during the processing of it.

Mr. LuJAN. One thing I didn't hear in all of this discussion

either here or before this, which we normally hear, is if we had
only had all of the money that we asked for in the very beginning

we wouldn't have these problems. Does that apply to the space tele-

scope, that if you had had more money you wouldn't have had all

these problems?
Dr. Lucas. No, sir. I don't believe we have made
Mr. LujAN. That is what I say. That is absent in these hearings,

and it is very unusual and welcome, I suppose.

Dr. Lucas. Your committee has authorized and the Appropri-

ation Committee has appropriated what the agency has asked for

in this regard. I don't think we have that complaint. The problem
that we have encountered is that in the process of implementing
the program, when the performance doesn't come up to your expec-

tations, you are sometimes forced to use what you set aside every

year for contingency for carrying on the routine or day-to-day per-

formance. Therefore, you do not have that contingency to handle
the unanticipated problems that come up.

Mr. LujAN. The $45 million that you went up, did that come out

of contingency or where did it come from?
Dr. Lucas. I am talking about in the program itself, the contin-

gency already in the program.
Mr. LuJAN. I realize that, but you say for 1983 you have $137.5

million.

Dr. Lucas. We have already used the contingency, and that is

the reason why we need the $45 million extra. The reason for that

$45 million extra is that we have added program content in the

sense that we have stretched out the schedule somewhat. There
was some contingency in our 1983 budget which has now been used
up.

Mr. LuJAN. It is a little complicated for me. I am just wondering
where you are getting the money.

Dr. Lucas. I am sorry, I must have misunderstood your question.

I was speaking from the standpoint of the project itself. The agency
has asked permission to reprogram some money in a letter from
the Administrator to the chairman of the committee— I believe

that has been sent to the committee already—indicating the

sources of the funds to be reprogramed to cover the $45 million

extra.

Mr. Lujan. Does that mean there is $15 million too much within

the physics and astronomy program; $2 million too much in space-
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lab payload and development; $3 million too much in space applica-

tions; or $26 million in space flight operations?
Dr. Lucas. No, sir, I wouldn't reach the conclusion that there

was too much there. I would say, given the problem that we had,
an analysis was made and it was determined that this is where it

should be spent because of the priority of this program over those
others. It was just a priority judgment.
Mr. LuJAN. The reason I ask you that is we have trouble finding

out exactly what things should be at what level. To be very honest
with you, I suspect that almost everything has got some little extra
there so that we can move it around.

I am trying to find out if these are the things we ought to look at

when we are looking at budgets, that this is where we have a little

money stashed away, a little slush there, so that when we need it

somewhere else we can just reprogram.
You will get the reprograming authority, I am sure, unless some-

one is enamored of a particular program and they will raise Cain
about that one, but in general you are going to get it. Is that a
planned sort of thing, that we put a little here so that when we get

in trouble somewhere else we can have a little slush fund, I guess,

in a sense? If we have it, good; if we don't, it is all right, also.

Dr. Lucas. I think Mr. Beggs might answer this question better

for you.
Mr. LujAN. Are any of these programs under Marshall?
Dr. Lucas. I believe so; $12 million comes from the space tele-

scope operation maintenance, and refurbishment. So, that is bor-

rowing on the future somewhat. That is $12 million of the $45 mil-

lion.

Mr. LuJAN. Thank you, Mr. Chairman.
Mr. VoLKMER. Dr. Lucas, earlier we talked a little bit about the

problems at Perkin-Elmer and the fact that they didn't have the

testing equipment ready. How is it that the project management
staff at the time from Marshall wasn't familiar enough with the

operations that they couldn't alert Perkin-Elmer to this?

Dr. Lucas. It is not as if Perkin-Elmer had no equipment. They
did not, as it turned out, have adequate equipment. Perkin-Elmer
is the expert in this area. Perkin-Elmer is one of the top optical

houses in the world. Marshall Space Flight Center isn't. We rely

upon the contractor, and particularly one with the reputation of

Perkin-Elmer.
Mr. VoLKMER. In other words, they had the expertise more so

even than the people who were overseeing the management of it?

Dr. Lucas. That is usually the case, sir. They have the expertise.

I don't think there is any question that we have to rely upon a

company that is manufacturing optics to have that expertise.

Mr. VoLKMER. On the fine guidance sensor and the fine guidance

system and the problems with that, as I understand it, the present

one is going to be used just for an engineering model?

Dr. Lucas. The first fine guidance sensor will be used as an engi-

neering model to test the system early. It will be shipped with the

OTA, and it will later be refurbished as a flight unit. So, it is not

as if it is going to be wasted. It will be used as an engineering

model, and then it will be refurbished into flight configuration.
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Mr. VoLKMER. But it won't be used in the initial telescope going
up?

Dr. Lucas. Probably not because we have a spare; therefore, it

will be refurbished as a spare.

Mr. VoLKMER. Can you tell me later, when we give you all the
questions, the additional cost as a result of that? In other words, it

wasn't anticipated that it was to be used originally as an engineer-
ing model, was it?

Dr. Lucas. We expect now to buy the same amount of hardware.
I cannot give you offhand, but will submit for the record, the costs
associated with any refurbishment that might be required.
[The information follows:]

We have maintained the capability to retrofit the Fine Guidance Sensor Engineer-
ing Model to flight configuration, therefore, the cost associated with the use of the
first flight unit as an engineering model will be approximately $4.5 million.

Mr. VoLKMER. Did you originally anticipate that you were going
to have two of them?

Dr. Lucas. Sir, we planned on having four FGS, one of which
was a spare. One of the problems in this program is we don't have
enough spares.

Mr. VoLKMER. On the prisms, you discussed the additional costs
on those. Who is going to be paying those additional costs?

Dr. Lucas. The additional costs on the prisms?
Mr. VoLKMER. Yes. There are no additional costs for that?
Dr. Lucas. We will pay for those prisms that we use, yes, sir. We

will have to pay the cost on those.
Mr. VoLKMER. Were there additional development costs in that?

Maybe I misunderstood the testimony. It says:

Careful selection and extensive testing of the Koesters' prisms on hand show that
a satisfactory interferometer characteristic can be generated. This problem then
became one of manufacturing adequate quantities of satisfactory Koesters' prisms.
Additional studies are underway to resolve the cause of the manufacturing prob-
lems.

This is going to result in additional costs, then?
Dr. Lucas. There will be some additional costs in selecting the

amount of prisms, yes.

Mr. VoLKMER. In the manufacturing phase of it that won't cause
any additional cost?

Dr. Lucas. If the yield from the prisms is less than 100 percent,
there will be extra cost.

Mr. VoLKMER. I started to get in on the spectrograph. I guess I

could get into that with Dr. Hinners instead of you, or would you
rather address that?
On the faint object spectrograph it says, "* * * it was found that

both Digicon detectors have lost performance," that you are going
to use existing spares before shipping the instrument to Lockheed
Missiles & Space Co.

Dr. Lucas. I believe Dr. Hinners will cover that.
Mr. VoLKMER. I will address any questions on those instrumenta-

tions to Dr. Hinners.
Because we don't have sufficient time I will have several ques-

tions sent to you in writing. I would appreciate you sending the an-
swers back so we can have them be a part of the record. We will
hold the record open until we can get those.
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Dr. Lucas. We will be happy to do so, Mr. Chairman.
Mr. VoLKMER. Let me ask you one other quick question. Again,

this may be beyond your area and you may not want to answer,
but in reviewing the whole space telescope operation, one sees that

we not only have two associate contractors but we also have basi-

cally two, Goddard and Marshall, as far as overseeing the manage-
ment, making sure everything is taking place. We don't have one
specifically.

Do you wish to comment on that?

Dr. Lucas. I have commented on the fact that we have two con-

tractors, with Marshall responsible for both of those. We do have
two centers, but Marshall is responsible to headquarters for the

entire project and Goddard is responsible for their activity, but

through Marshall.
One can argue whether that is a good system or not. I don't be-

lieve that there have been significant problems generated because

of that relationship.

Mr. VoLKMER. In other words, the relationship between yourself

and Goddard, as far as those parts of Goddard, has not created any
of the problems that we are seeing in the delays?

Dr. Lucas. I don't believe so, sir.

Mr. VoLKMER. Thank you very much.
Dr. Lucas. Thank you, sir.

Mr. VoLKMER. We will now have Riccardo Giacconi testify. We
had planned to have Dr. Hinners, but Dr. Giacconi has to leave.

We will go ahead with him first. I want to thank Dr. Hinners for

doing that.

Dr. Giacconi, you have a prepared statement. That statement

will be made a part of the record. You may either review the state-

ment or summarize, however you see fit.

STATEMENT OF DR. RICCARDO GIACCONI, DIRECTOR, SPACE
TELESCOPE SCIENCE INSTITUTE

Dr. Giacconi. Mr. Chairman, I will try to simply summarize the

statement I have already made.
It is unfortunate that my testimony comes before Dr. Hinners'

because it would have been a reasonable sequence, from the hard-

ware development phase to the mission and operation phase and

finally to science utilization. However, I think I can describe the

role and the function of the Space Telescope Science Institute,

which I direct now, and describe the status of our operations.

First of all, I would like to reemphasize the importance of this

program to astronomy. You have heard lots of testimony. I would

like to summarize it in my own way.
After 30 years of effort we still don't know some of the funda-

mental parameters which would describe the universe as we under-

stand it today. In particular, we don't understand how long it has

b^en around. We don't understand the lifetime of the universe, and

this is tied in with the measurement of distance scale.

We started 30 years ago with the best effort, the best astrono-

mers with the best instruments that we had, including Palomar.

Still, we don't know this number to within a factor of two. It is a

statement about ST capabilities that we believe that within weeks
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we will have the distance scale measured to within 10 percent and,

therefore, the age of the universe to 10 percent.

On a completely different subject, it is still a fact that while we
have studied our own solar system, we don't know about the exist-

ence of any other, because we don't know about the existence of

any planetary system about any star except our own Sun. We be-

lieve that that problem will be solved in the first few years of oper-

ation of ST by carefully examining many of the nearby stars in an
attempt to detect planetary systems.

The impact on all of astronomy of ST observation vdll be very

great. It will bring additional requirements and additional needs

for observation from the ground and from space in different wave-

length regions. I believe that one of the major impacts will be to

place all the problems we currently have in a somewhat new light.

There is no question that this instrument will have an impact
which transcends the national scientific community and, in fact,

the scientific community as a whole. Very early on NASA under-

stood this point and decided to depart from its traditional way of

running this program and to create an independent institute run
by astronomers that would determine the observational program,
that would determine what science that would be done with ST,

and finally would disseminate this observation both to other scien-

tists and to the public at large.

This was placed in more precise context by the Hornig commit-
tee, a committee of the National Academy of Sciences, chaired by
Professor Hornig, which foresaw an independent institute which
would have a significant role both in the development of the ST
and in the operation phase of ST.
As it turned out, delays in the realization of this institute result-

ed in a somewhat diminished role of the institute with respect to

the development phase, although the current delay gives us an op-

portunity to help somewhat more in that phase.

As a result of a competitive procurement, AURA, the Association

of Universities for Research in Astronomy, which operates Kitt

Peak and other ground-based observatories, was selected as the

management institution for the Space Telescope Science Institute.

The site selected was the John Hopkins campus in Baltimore. An
additional selection determined the director and the deputy direc-

tor.

I would like briefly to outline what the specific responsibilities of

the institute are, particularly during the development phase, be-

cause they are quite substantial and they are often not understood.

The first duty we have, of course, is to develop a building, a fa-

cility itself. This has been accomplished. We have an opening cere-

mony tomorrow, to which we will be host to 350 scientists from all

over the world and some 700 other guests.

The recruitment of the staff has been one of the primary con-

cerns during the last IV2 years. It has been recommended by the
National Academy and understood by all concerned that in order
to properly operate this facility we need an institution which will

attract scientists of the first rank.
The selection and the recruitment of the scientists has been a

painstaking and careful process which has resulted in the hiring of

some 33 astronomers coming from 22 different institutions.
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The search process itself was carried out by an external search
committee, chaired by Prof. Jerry O. Striker of Princeton and
manned by some of the best astronomers in the world. The effec-

tiveness of this committee can be understood when we fmd that we
are able to attract people from some of the major academic institu-

tions in the country, such as MIT, Princeton, CalTech and others.
The staff has already proven its competence and its particular

ability in several areas, which I will outline later on.
The third item which we need to prepare before launch, and

which is essential prior to launch, is to create a new catalog of
stars. In order to point the ST, the fine guidance sensor must ac-
quire guide stars, whose position must be very precisely known.

Since the field of view which the fine guidance system can ex-
plore is quite small, we must be sure that we can find a pair of
guide stars in each particular direction in the sky in which we
want to look.

In order to be sure that we have stars, we must know the posi-

tion of very faint stars. Currently there doesn't exist any catalog
which goes as faint as we need. The catalogs presently stop at a
measure which is called the eighth magnitude. We need to have a
new catalog of the sky to 15th magnitude. That will be a catalog of
10 million new stars.

This implies having a new sky survey made by Palomar Moun-
tain, which has been accomplished—consistly of 1,725 plates—and
other sky surveys that can reach the Southern Hemisphere from
the telescope at Cerro Tololo. It implies scanning these plates with
PDS machines and then providing the software, which can deduce
the position of stars with a very high angular precision of 0.3 arc
seconds.

I have gone in some detail in this, simply to point out that it is a
massive job, an important job, a job which attempts to create a
catalog in sort of series production with astrometric accuracy,
something which has not been done previously.

Some 20 percent of our staff currently is involved in that kind of

activity. The activity is proceeding extremely well in that they are

essentially 80-percent complete as far as gattering the data, and we
are proceeding well with respect to the development of software
and the measurements themselves.
The second item for which we are responsible is scientific data

analysis. When the data are transmitted to us from the Goddard
receiving station as received from the telescope a first-cut data re-

duction will be done in which the characteristic of the instruments
will be removed from the data.

Beyond that, it becomes what is really the proper area for the

scientists, the theorists, the astronomer; namely, the interpretation

of the information which has been received. This is generally de-

scribed as a scientific data analysis system, a complex system of

software and computers which is required to do interactive image
analysis. We are responsible for the development of that system.

The third item is the science and operation ground system, for

which we are not directly responsible. The contract was let to TRW
Corp. This is a system of computers and software which is acquired

for mission planning and operation, for pipeline data analysis and

for calibration purposes. We ultimately are the users of this
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system. This system will be delivered to us as Government-fur-
nished equipment, and we will then have to operate it after launch.

We have found in considering this system that although the re-

quirements and specifications were very carefully laid out, there is,

as usual, a certain gap between laying down the specific require-

ments and then realizing them in practice.

The scientists who will be operating this system have become
very deeply involved in furnishing technical opinions and support

to the development of this program. We have done this jointly with
NASA, but we have found that we have had to assume a greater

and greater role in this particular development item and in partic-

ular with one item, which is mission planning and operation, which
is critical for fiight.

The next item is that in order for us to operate the ST observa-

tory we must become totally familiar with each of the instruments
aboard. In order to achieve this expertise we have two scientists as-

signed for each of the instruments on board.

These scientists were members of the instrument development
teams or are now. They are deeply involved in the development of

the instruments, as well as their calibration and assessment. They
find that they are being asked to provide considerable support to

this instrument development.
Finally, during the operational phase is where the more clearly

understood responsibilities are; namely, that we have to prepare to

go out with solicitation for guest observers and researchers, to pre-

pare procedures for a selection of observations, to prepare proce-

dures for the dissemination of the data and services of that kind.

I would say that the current state of the institute is that we are
essentially on schedule all across the board. There have been prob-

lems of cost increases, and the cost increases have essentially come
in the areas where we have been asked to provide more support
than was originally anticipated; in particular in the area of sup-

porting the TRW contract, for SOGS, in software development,
items which in a system as complex as this have been left out

—

careful examination shows that they should be in place in order for

us to do the analysis—additional responsibility for the instrument
scientists, and finally, a responsibility in a system study activity,

which we believe to be absolutely essentially essential to insure
that ST once flown will do what is intended.
By that I mean—if you will permit me in a less than formal par-

lance—we take our scientists and, like ferrets, we drop them down
the hole and we find out if they come out of the other side. If they
don't, then we try to find what the stoppages are and to point them
out to various elements of the system so that proper corrective
action can be taken.

I will conclude my remarks by making some comments with re-

spect to some of the management questions which have been
raised.

In my testimony you will find that I have expressed the opinion
that there are no major technical unknowns. I think that maybe I

should qualify that by saying that I am a physicist by trade and
training and I am an astronomer by profession. I consider there
not to be major technical problems if we are not required to find
new laws of nature in order to carry out the project. Certainly as
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compared to nuclear fusion this is not physically or fundamentally
challenging in nature.

On the other hand, there are very great difficulties in technology

development. I think one of the major difficulties in fact is the fact

that the system is so complex. We are finding that from our point

of view, which is by definition a science integration point of view,

we must make sure that all the elements of the program play to-

gether so that we can achieve the scientific observation we want. It

is in this area the scientists can provide support.

I think substantial changes have been made in management
which should favor this scientific involvement. There has been a

feeling that there has been insufficient or not sufficiently in-depth

scientific involvement in some facets of this program.
I think a substantial step in remedying that problem has been

the creation of a committee reporting to headquarters, which will

include the project scientists from Marshall, the project scientists

from Goddard, members of the institute staff and members of the

IDT teams.
Looking forward, I see no major problem. I am somewhat con-

cerned in that I feel that in the current problems with develop-

ment, operations needs tends to always be deferred. Preparation

for the ground support system for a system as complex as ST are

long and time-consuming and very difficult. I feel that funding

through 1984 for that type of effort is essential if we want to assure

success for flight in 1985.

Thank you.

[The prepared statement, plus answer to questions asked of Dr.

Giacconi follows:]
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Testimony
by

Riccardo Giacconi, Director
Space Telescope Science Institute

Subcommittee on Space Science and Applications
D.S. House of Representatives

14 June 1983

The realization of a long-lived (15-20 year), large aperture

(2.4 meter) Space Telescope, launched and serviced by the Space

Shuttle, and operated as an astronomical observatory for the

world-wide astronomical and astrophysics community is almost

within our grasp.

For many years now, NASA, in response to the urgings of the

scientific community, has studied, planned, and is now building

the optical telescope assembly, spacecraft, scientific

instruments, ground system, and science institute which will

eventually form the earth orbiting Space Telescope and its

Baltimore-based scientific observatory/control center, the Space

Telescope Science Institute.

The telescope, with its unique perspective of the skies,

above the polluted, distorting, and frequently overcast

atmosphere of the earth will permit the imaging of almost the

entire range of astronomical bodies with 10 times the angular

detail achievable with ground based telescopes. The Space

Telescope will be able to detect sources 50 times fainter than

those at the limits of the largest ground based telescope and so

provides the unique opportunity to view objects deeper in space

than man has seen before, in light emitted when the universe was

only a small fraction of its present age. The absence of

atmospheric absorption in the ultraviolet and infrared

wavelengths will also enable the telescope to extend its

observations into these spectral regimes, allowing both hotter

and cooler astronomical bodies to be studied. These combined

properties of high spatial resolution, sensitivity and wide

spectral coverage promise to make the Space Telescope the most

powerful and exciting astronomical tool of the decade and allow
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its observers to address such basic questions as the origin,

evolution and ultimate fate of stars, galaxies and clusters, and

of the universe itself.

From an early stage in the ST program, NASA recognized the

importance of providing a research institute to operate the space

borne telescope in a manner which would maximize the scientific

return and so realize the full scientific potential of this

unique facility. In consultation with a committee of world

renowned astronomers and astrophysicists assembled under the

auspices of the National Academy of Sciences, and chaired by

Professor Donald F. Hornig, NASA determined that the scientific

observations of the ST should be selected, planned and scheduled,

and the data collected, reduced, and disseminated by a Space

Telescope Science Institute. This institute would furthermore be

independent of NASA in an intellectual, if not financial, sense

and would service the scientific community in a manner analogous

to the operations of the ground-based national astronomical

facilities (Kitt Peak Observatory, Cerro Tololo, V.L.A., etc.).

The Association of Universities for Research in Astronomy, Inc.

(AURA) , which already operates several of these major ground-

based facilities for the National Science Foundation, won the

NASA competition to develop and operate the Space Telescope

Science Institute, which is located at the Homewood Campus of the

Johns Hopkins University in Baltimore.

During the operational phase after launch, the Space

Telescope Science Institute's charge follows the Hornig Committee

recommendations. It has responsibility for selecting and

supporting ST observers and archival researchers; planning,

scheduling and conducting their observations; receiving,

reducing, analysing and distributing their data; monitoring and

assessing the performance of the scientific instruments; making

recommendations for new instruments or modifications to the ST;

and for the promotion of international participation and the

maximization of scientific returns from the Space Telescope.

Late implementation of the Hornig Committee recommendations
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initially precluded the Institute from playing its intended major

role in the development phase. Instead, its tasks were limited

to the acquisition of staff and facilities and a few specialized

technical tasks.

During the development phase of the ST program, the Space

Telescope Science Institute must develop the Guide Star Selection

System (GSSS) ; a complex array of high precision measuring

engines; associated computers and peripherals, comprehensive star

catalogs and astronomical data archives, and software for

astrometric and operational computations, which will be used

daily in the identification and determination of the Guide Star

pairs required to support every new Space Telescope observation.

The Institute must develop the Science Data Analysis

Software (SDAS); computer software to be used by the ST observers

and researchers in the reduction and analysis of their

observations. It must also develop the software to determine and

update the calibration parameters to be applied to the scientific

data received from the ST after launch. All this software will

eventually run on the Science Operations Ground System (SOGS)

which is currently being developed by TRW, under contract to NASA

(Goddard Space Flight Center).

Institute scientists have provided and must continue to

provide a significant amount of technical support/direction to

both NASA and TRW to assure that the SOGS system will have

adequate planning, scheduling operations, and data

manipulation/archiving capabilities at the time of ST launch.

They must also develop the people and computer procedures which

will be used to run the SOGS system and to conduct the ST

observations. ST Scl staff must develop the detailed knowledge

and understanding of the optical telescope assembly, fine

guidance sensors, and scientific instruments which will enable

them to monitor and assess their performance during the

operational era of the ST program. Finally, they must develop

the criteria, ground rules, support materials, and procedures for

the observer and researcher solicitations, and must begin the
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process of educating the consumer, i.e., the world-wide

astronomical community in these matters, in preparation for the

first call for proposals for use of the Space Telescope.

This comprehensive array of pre-launch and post-launch

responsibilities demands an indepth knowledge and understanding

of astronomy, the astronomical community, space observatory

operations, ground-based observatory observations, computing, and

scientific instrument development which is only realizable with a

staff of top rank scientists. In order to attract and retain a

scientific staff of this caliber, the Space Telescope Science

Institute must in turn establish itself as a first rank research

institution.

Despite its late start, due to NASA funding constraints, the

Space Telescope Science Institute has made remarkable progress.

It has supported The Johns Hopkins University in the construction

of the ten million dollar Space Telescope Institute Facility (two

million of which was provided as a gift by JHU, with funding

support by the State of Maryland). The facility, which will be

formally opened tomorrow, has been constructed on an accelerated

schedule by the "fast track" method with only a 10 percent

overrun on its original budget and only two months behind on its

original completion date. A remarkable feat in present day

conditions

!

All the key scientific positions have now been filled. At

this time 33 scientists from 22 institutions, have been recruited

by the Institute, including nine scientists and support personnel

from the Europen Space Agency, which is collaborating with NASA

in the ST Program. This recruitment process has been a time

consuming and painstaking one, since it is the key to the success

of the Space Telescope Science Institute. Without the

appropriatate mixture of observational, instrumental and

astronomical expertise, the Institute cannot achieve its

objectives. The business, financial, programmatic

infrastructure, which is needed to operate a facility of this

size and type, is now almost entirely in place.
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The progress of the Space Telescope Science Institute in its

major technical developments has been equally successful. The

Guide Star Selection System is fully designed, most of the

hardware associated with the system is now at the Institute and

is about to be upgraded to its full operational specifications.

A significant fraction of the astronomical data sets have already

been assembled for use with the system and the capability now

exists to start developing the "coarse scan catalog" from which

guide star availability will be deduced. The software for the

GSSS is also fully designed and is currently under development,

with an expected completion late of mid 1984. This development

has grown little in cost and schedule since its conceptual design

was accepted by NASA almost two years ago.

In the case of the SDAS , progress is equally good. The

preliminary design is complete, and the final design and

development, which is to be accomplished in a series of five

"builds" is well underway, with one Build Design Review already

successfully accomplished and another scheduled for July this

year. Once more the cost/schedules growth in this program since

the detailed negotiations of January 1981 have been small,

despite the mismatch between the SDAS and SOGS development

schedules and the resulting need for the development of a "SOGS

test bed" at the ST Scl.

With the delay in launch, it has become possible for the ST

Scl to assume an expanded role in development phase activities

which is in far closer accord with the original Hornig Committee

recommendations. This has allowed increased Institute

involvement in activities such as SOGS development and system

studies.

The ST Scl staff have proved their worth in the support of

the SOGS development and are increasingly in demand to provide

technical expertise to TRW and NASA personnel. This h^s been an

area of cost/staff growth at the ST Scl, not because of any lack

of Institute performance, but as a result of increased scope of

work. A similar situation exists in the ST Scl participation in
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Instrument Calibration/test activities and in system wide ST

studies. The proven expertise of ST Scl scientists has resulted

in increased demand, increased scope and increased costs.

The fact that the ST Scl (and the ST Program) has grown in

the areas of SOGS support is scarcely surprising. It was the

inadequacy of funding and early delays on the ST Program that led

NASA to postpone the establishment of the ST Scl until after the

issuance of the request for proposals for the SOGS system, and

the award of the SOGS contract to TRW. Such a mismatch in

schedules was bound to result in some difficulties when the

actual users of the SOGS system (the ST Scl) defined their

operational procedures and reviewed the adequacy of the system

being supplied to them by NASA. There are no significant

technological problems at hand in the SOGS development

activities, merely questions of software design which must be

solved by TRW and the ST Scl before launch and which will require

adequate funding in FY '83, '84 and '85 for their solution. Lack

of this support would, almost certainly, result in launch delays

for the ST.

Similarly, the growth in the ST Scl role in ST system

studies is hardly a surprise. Most major ground-based and

spaceborne scientific developments have an individual or group

which provides the scientific and technical leadership and

coordination. This leadership was, to a large part, missing in

the ST Program, due to the inadequacy of the support provided by

NASA to the Marshall Space Flight Center Project scientist.

Dr. O'Dell, and the ST Science Working Group which he chairs.

The situation was further aggravated by the absence of a prime

contractor for the ST development and by the multiplicity of

contractors and interfaces in the Program. Without strong

leadership and with such complex interfaces, system wide

oversights, for example, the provision of the capability of the

ST to tract comets, and other moving targets, were bound to

occur, and they did. Once more, I do not believe that there are

overwhelming technological problems with the elements of the ST
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Program (including the currently contaminated primary mirror and

the fine guidance sensors, both of which are under development by

the Perkin Elmer Corporation), there is just the need to

establish the appropriate scientific/technical leadership and the

system-wide management structures to bring the elements of the ST

Program together into an appropriately functioning whole.

How can this be achieved? In reviewing the current

situation, NASA has already made significant progress in

strengthening its management in certain critical areas, for

example, at Perkin Elmer (to help with the mirror and FGS

developments), at MSEC to strengthen the overall management of

the Program and at NASA Headquarters to provide stronger inter-

center control and coordination. It is also establishing a

stronger scientific leadership structure, and has formed a

science performance evaluation group of five scientists drawn

from the IDT's, the ST Scl , GSFC and MSEC. This group will need

unlimited access to information at all levels of the Project with

appropriate technical support in order to function effectively.

NASA has also identified additional support at the ST Scl and

elsewhere for the conduct of the system-wide study activities.

In summary, the Space Telescope Program still promises to be

the most exciting astronomical achievement of the decade, and

despite the schedule delays and cost increases, should prove a

prudent, important, and exciting investment in U.S. science. The

problems faced today are problems of management and

inappropriately phased funds, which can be alleviated with

appropriate management restructuring, scientific leadership and

funding provisions. In the case of the Space Telescope Science

Institute, excellent progress has been made in the facility, the

staffing, the major hardware and software developments and in

providing an integrating function for science requirements from

the users point of view.

A major element of risk lies in the SOGS development, where

the unavailability of adequate funding in the FY '83 and FY '84
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period could result in unworkable schedules for the completion of

the system and in the unavailability of an operational ground

system in mid FY '86 to support the ST launch. In this and other

areas of technical problems, I believe the key lies in careful,

informed evaluation of trade-offs to allow the necessary

scientific performance without unnecessary over specifications.
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The Honorable
Harold L. Volkmer
Chairman, Subcomtni ttee on
Space Science S Applications
U.S. House of Representatives
Suite 2321 Rayburn House Office Building
Washington, D.C. 20515

Re Space Telescope Program

Dear Chairman Volkmer,

Following are answers to the questions posed in your letter
of June 27, 1983.

1(a) In order to obtain guidance with very high precision,
it is necessary to image the sky through a high angular
resolution mirror. On Space Telescope, the primary optical
system is used both for imaging and for guidance. This implies
that a very small field of view is available for each of the fine
guidance sensors, actually about 1/50 of a square degree or about
one part in two million of the sky.

Existing catalogs only go to stars as faint as 9th
magnitude, and there are only about 250,000 cataloged stars
brighter than chat in the sky, i.e. in the SAO catalog. If these
stars were uniformly distributed over the sky, we could expect to
find guide stars for only about one field in 64; and the actual
situation is worse because disproportunately few of these stars
lie near the galactic pole. The requirement to find a star in
each of two fine guidance sensors could not be met if we were
limited to the SAO catalog.

By extending a catalog to much fainter limits, ie. 15th
magnitude, we will obtain positions for about 20 million stars
with the consequent certainty of having guide star pairs for
about 95% of the fields.

(b) The creation of this catalog entails obtaining plate
surveys in the northern and southern hemispheres, scanning of the
plates with the microdensi tometers (Perkin-Elmer PDS machines),
and making astrometric analyses of the data. It also entails
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photometric observations to establish an accurate photographic
reference scale for stellar brightnesses.

(c) The activities are on schedule. The new plate surveys
are essentially complete south of declination -20° and about 50%
complete north of that. The PDS machines have been installed.
The prototype software has been developed and tested, and
production software will become available in the second half of
this year. The photometric survey is 80% complete in the
southern hemisphere, 50% in the northern hemisphere.

The catalog will be completed at launch.

(d) The major spin off of this work is the acquisition of an
accurate star catalog going to fainter magnitudes than any
previous one. It will become a standard reference in the field
of positional astronomy.

(2) The problems in the Fine Guidance System were understood
prior to my joining the ST program in September 1981. In the

first Science Working Group meeting I attended in October 1981 in

Baltimore, I felt that the problems which had been perceived were
not receiving sufficient Project attention for a satisfactory
solution.

My reaction was that the complexity of the Fine Guidance
Systems was such that they should have received high level
scientific attention and not be left entirely in the hands of the
Perkin Elmer Corporation.

The situation has improved somewhat in the past several
months due to increased recognition of potential design flaws by
the scientists involved in the program. The study initiated
under the leadership of Professor William Fastie by The Johns
Hopkins University and Applied Physics Lab directed toward an
alternate system will also be extremely beneficial in increasing
our understanding of the present system.

The science returns from the ST mission are in large part
dependent on the proper operation of the Fine Guidance System.

(3) There has been an effective step taken in insuring
science inputs into the program by the recent creation of the

Space Telescope Observatory Performance Assessment Team (STOPAT)

under the chairmanship of Dr. Robert Bless. This team, which
includes the Project Scientist at MSFC, the Project Scientists
for Operations at GSFC, the Deputy Director of ST Scl and the

Program Scientist from NASA Headquarters will have direct access
to Headquarters, NASA.

I believe that this can become an effective mechanism to

insure high level science inputs into the program.

(4) The Space Telescope Science Institute has been extremely
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successful in recruiting highly qualified personnel, in
establishing a facility and in carrying out all of the
programat ic tasks assigned to us. The areas of responsibility of
the Institute have grown with time to become closely alligned to
the original recommendations of the Hornig Committee of the
National Academy of Sciences. The Institute is now deeply
involved not only in the preparation for mission operations, but
also in the development of Space Telescope.

Not all the tools that the ST Scl will operate after launch
are being provided by us. The observatory itself is, of course,
being developed outside of our control. But even in the area of
Science and Operations Ground Support Systems (SOGS) which we
will have to directly operate, the development is occurring
elsewhere (at TPW) under contract to NASA.

There have been continued difficulties in insuring that the
hardware and software being developed there will meet our
requirements. Although some steps have been taken by GSFC to
insure better exchange of the technical information between our
people and the TRW developers and better feedback mechanisms, it
is not yet clear that these steps will be sufficient to insure
success. SOGS remains an item of great concern to me.

I hope I have been able to answer your committee's questions
to their satisfaction. If I can be of any further help, please
let me know.

Sincerely,

(iV)t<.cO(o ^K<=^

—

Riccardo Giacconi
Director

/mf
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Mr. VoLKMER. The gentleman from New Mexico?
Mr. LuJAN. I have a couple of questions, Dr. Giacconi. Is the

Space Telescope Science Institute a division of the National Acade-
my of Science?

Dr. Giacconi. No, it is not. You should think of it as a wholly
owned subsidiary of a consortium of universities called AURA, the
Association of Universities for Research in Astronomy, which is a
not-for-profit organization of 17 constituent universities with a
board. They exercise management oversight through several com-
mittees, the board of directors, and a Space Telescope Institute

Council, which provides oversight to insure that we are following

general policy laid down by NASA and by the constituent universi-

ties.

Mr. LuJAN. Funded by NASA?
Dr. Giacconi. It is funded entirely by NASA. We are the execu-

tive arm, if you wish, of this association.

Mr. LuJAN. Do you feel that there is enough input on the part of

the institute as far as NASA is concerned during the developmen-
tal program, so that you have a good handle on it when, as a
matter of fact, it is launched and out there?

Dr. Giacconi. First of all, I would say the answer is yes. The dif-

ficulty is that the institute was formed late. It had to run very
hard to catch up to this moving train. The definition of its tasks

and the mechanism for this interaction was not quite clearly in

place at the beginning. They have now been established, and have
been established in an extremely satisfactory way. In fact, you will

find institute representatives on every major study group, commit-
tee, review team, and so forth.

I would say the answer is yes, it has been developed.

Mr. LujAN. Why I ask that question, I wonder if when any
changes are made, that there is sufficient discussion with you who
are going to be the interpretors of the data; that if a change needs

to be made, something either taken out or put in, what that means
in terms of what you will need for implementation.

Dr. Giacconi. I would say that the institute is capable of having
itself heard.
Mr. LuJAN. And have been?
Dr. Giacconi. Yes.

Mr. LujAN. How about with TRW, who is doing the software and
the computers and all of that which will deliver the data to you for

interpretation? Is that a pretty good working relationship?

Dr. Giacconi. We have been involved as part of the review com-

mittees on some of the major reviews which had to assess the suit-

ability of the TRW effort with respect to what is required. We have

provided our input in very great detail.

Our communication with TRW on a technical base has been fa-

cilitated by NASA in that we have very frequently now technical

communications with them. We have also developed, since we have

found areas of weakness, a plan for recovery jointly with NASA.
By NASA I mainly mean Goddard, which is our direct managing
center. I believe we have, at least in principle, agreement, although

this is one of the very areas where the funds may be missing in

1984 to permit us to do the job.
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Mr. LuJAN. Is it pretty easy to make changes? If you make a rec-

ommendation of some software, we will say, or some computer or

some machine that you need—and I assume that it is buildmg,

also, is that correct; maybe you need different computers m differ-

ent rooms or whatever— is it pretty easy to translate that, what

your idea is, into an actual change for TRW? I suppose it has to go

to NASA, since NASA has

Dr GiACCONi. First of all, we do not have programmatic or tech-

nical direction on TRW. We are not permitted directly to order

them or to direct their work.

I have found that typically a program which is in some financial

difficulty is very resistant to change, whether it be good or bad. So,

from my point of view a change means to persuade people that

something is essential for the program and should be done.

Mr. LuJAN. Have you run across things like that?

Dr. GiACCONi. Yes.

Mr. LuJAN. Have they been done?

Dr. GiACCONi. Yes; they have been done. It takes about 9

months—it is just like having a baby—from conception to delivery.

Mr. LuJAN. Mr. Chairman, I need to leave.

Thank you, Dr. Giacconi.

Mr. VoLKMER. Mr. Chandler?
Mr. Chandler. Thank you, Mr. Chairman.
Dr. Giacconi, to follow up a little bit on the gentleman's ques-

tioning, I am not terribly familiar with the process of building

something like this, but I do know that the Boeing Co., when they

build an airplane, that their engineers will design it, then they will

build a prototype and test that, and then they will build their first

one and go out and fly it, and after they have worked the bugs out

of that, or most of them, they will go build the series. Maybe it is

the new 5-7 or 6-7.

From the testimony I have heard this afternoon from Dr. Lucas,

and somewhat from you—of course, we are not going to build a pro-

totype and then we are not going to build a test and then build a

third one to put it in space, obviously—I am getting the impression

that there has been somewhat of a design-as-you-go process at

work.
Is that a mistaken impression or would you say that that is

somewhat correct?

Dr. Giacconi. I don't believe so, although perhaps I am not the

most qualified to comment. Until September 1981, I was doing

something else, and I became involved in the program since then.

As far as I know, the general, overall philosophy and design of

the development item itself, the ST itself, as well as the operation,

has not changed. So, there has been a blueprint which has been fol-

lowed.
I think you realize that we didn't build the prototype and then

Mount Palomar. We built a small Palomar, perhaps, and then a big

Palomar. In a sense, OAO or Copernicus could have been that first

prototype test.

I think, however, the jump is substantial enough and the com-

plexity of the instrumentation is sufficient that ST constitutes a

first in many ways. This is the first time we used a shuttle to put

up a permanent observatory in space. It is the first time that this
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observatory is totally dependent on TDRSS, the communication
system, to transmit the data to the ground. Also, it is the first time
we tried a sociological experiment, at least for NASA, in having an
institute run the science operation.

So, there are many first things. I think part of the importance of

space telescope is that it would be the first observatory of a series

which is being planned as part of the national program in astro-

physics. So, it is very important that we make this one work.
Mr. Chandler. This is a question I think that I would like to

have Dr. Lucas respond to in writing, if he would, that occurs to

me, and Dr. Hinners as well. Perhaps you can comment on this.

If you had your druthers and you could do it all over again,

would you have as many cooks in the kitchen on this deal? I know
one of the scientists at the University of Washington and have
talked to him. It has occurred to me that while he is an eminently
qualified individual and can talk your ear off about this project

and has brought me to be one who is very excited about it, at the

same time it occurs to me that he is just one of dozens out there

who are having something to say about this.

Having been one who has managed projects, although nothing
anywhere near as technical as this, I can say that whenever I could

get a client to let me have very, very few people to deal with it was
always a heck of a lot better than when I had a whole bunch of

them.
I would be interested in all of your responses to that.

Dr. GiACCONi. I would say certainly there is some element of va-

lidity in what you are saying. From our point of view—and please

understand that this is only one point of view—it is very difficult

for us to deal with the many interfaces which are in the program
and the several centers and so forth.

In addition, by having created this institute late we were forced

to play catchup football rather than becoming involved early on.

I would say one lesson that I learned from this is that to the

extent that the creation of such managing entities as the Space

Telescope Science Institute is considered to be a success, which I

believe it is, then an earlier implementation would be most benefi-

cial. That is something that I think ought to be kept in mind for

the future.

Mr. Chandler. I thank you for that answer. I think that is a

candid one, and I appreciate it.

Thank you, Mr. Chairman.
Mr. VoLKMER. Thank you.

Dr. Giacconi, on page 2 of your statement you say:

This institute would, furthermore, be independent of NASA in an intellectual, if

not financial, sense and would service the scientific community in a manner analo-

gous to the operations of the ground-based national astronomical facilities (Kitt

Peak Observatory . . . etc.).

What are you telling me there? Are you saying that the oper-

ation of the institute will be independent or you wanted it to be?

Dr. GiACCONL I looked up the definition of independent, Mr.

Chairman. In the English language, independence can mean many
things. It can be independence as far as sentimental tie, financial

means, and so forth. Certainly we are not independent in that

sense because all of our funding comes from NASA.



72

When an independent institute was advocated and then built,

one can ask what was meant by that. I think what is meant by

that, at least in my opinion, is that what is required by us is inde-

pendent judgment; not to look to others to establish our values.

Our values are science and scientific cooperation, international

cooperation and excellence. As to that, we don't look to anybody for

guidance. What I would expect is that if questions came up regard-

ing what should be done with science, we will be able, using our

committees and advisory bodies in the astronomy community, to

come up with an independent judgment.

Mr. VoLKMER. As far as determining use of the space telescope-

in other words, what are we going to observe, what series are we
going to do—you would anticipate you would be able to make those

determinations, correct?

Dr. GiACCONi. Yes, sir. On the first IV^ years, 30 percent of the

time of the space telescope is dedicated to those scientific groups

which have built the instruments, as a reward for their 11 and

more years of painstaking service.

The 70 percent has to be allotted. In principle it is my responsi-

bility to do that. Of course, in a statutory way I cannot do that

without the advice of the time allocation committee, which is a

committee of astronomers from all over the world, which will judge

the proposed observations.

There is a small amount of time which will be directed as discre-

tionary time, and this will be used both for necessary calibrations

and things of that kind, to perhaps support innovative programs

such that could be judged risky or could be judged not suitable for

peer review; finally, for taking advantage of targets of opportunity,

the finding of a new super nova or something which will require

fast judgment. That is my job to do.

Other than that, the astronomical community, using its tradi-

tional method—that is, peer review—will determine what observa-

tions should be made.
Mr. VoLKMER. In your statement you also said you are precluded

from playing your intended major role in the development phase

on the space telescope.

What intended role would you envision to have been the insti-

tute's in the development of the space telescope?

Dr. GiACCONi. Starting from nearby, I would certainly say that

an earlier involvement in the definition and the technical direction

of the software development and computer development for the

ground operations—that is, to develop the equipment that we will

be using—would obviously have been extremely beneficial. I think

it would have saved a lot of problems and a lot of money.
Mr. VoLKMER. What are the problems with it as it exists now?

TRW is doing the software, basically, with a contract with NASA,
right?

Dr. GiACCONi. That is right.

Mr. VoLKMER. Yet, your people are having input into that, are

they not?
Dr. GiACCONi. That is right.

Mr. VoLKMER. Well, what are the problems? Tell me what the

problems are.
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Dr. GiACCONi. The problems arise in going from the statement of

the requirements to the interpretation and then the execution. Let

me give you one example of something which in fact has been cor-

rected and is okay now, but which we had to point out.

Mr. VoLKMER. Are we talking about the catalog?

Dr. GiACCONi. No. They have nothing to do with the catalog. Part

of the science and operation ground system was to provide interac-

tive imaging terminals. That is something that shows you an image
and then you can operate on it, multiply, divide, et cetera.

Of course, this type of system has been developed to a high

degree of refinement for scientific use, in particular by astrono-

mers and by the astronomical community. They are not, as often

used in application or in technological matters.

Therefore, TRW simply interpreted those requirements to be met
by using a type of display which we would call dumb. By dumb we
mean it didn't have a lot of memory or a lot of capacity.

We pointed that out early on, about January 1982, and it took a

lot of trouble because it meant now replacing the contracts, chang-

ing the equipment and so forth, but actually was done. It was un-

derstood to be required and was done.

I think the problems come not from technical incompetence, but

basically because the scientists who actually use these things ulti-

mately must become very deeply involved in how these things are

developed. Otherwise, they will always find later on they have to

be corrected.

I think this is the thrust of the statements I have made.
Mr. VoLKMER. In other words, you would much prefer to have

direct involvement in setting up the demands and requirements on

the software?
Dr. GiACCONi. That is right.

Mr. VoLKMER. But you are able to overcome these problems?

Dr. GiACCONi. Yes, with substantial sympathy and cooperation

and help from Goddard Space Flight Center, without which these

fixes could not occur; but with a certain reluctance, of course, be-

cause we come in late and we cause a lot of trouble. From one

point of view you can consider us the hero of the story and from

the other just a pain.

Mr. VoLKMER. Again, as a person who is not an astronomer, one

of the things is to make a new catalog for the stars, so the tele-

scope can point to the known ones. Why can't we use the existing

information?
Dr. GiACCONi. There are 10,000 stars of 8th magnitude m the sky.

The sky is 40,000 square degrees, so there is 1 star every 4 square

degrees.
Mr. VoLKMER. Those are all known, right?

Dr. GiACCONi. Those are all known. The field of view in which

the fine guidance sensor can point is one-ninth of a square degree,

so the chance that you can find a guide star in any given direction

is one part in 36. If you only use stars that you know, you will be

able to only use 5 percent of the sky.

If you want to make sure that you will get a pointing direction a

guide star, everywhere you want to in random directions in the

sky, then you have to go to fainter and fainter stars because there

are more and more of them.
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So, if you get to 10 million stars, everywhere you point you will

have enough stars that you can select an appropriate guide star

pair.

Mr. VoLKMER. This will all be implemented within the new
SOGS?

Dr. GiACCONi. No it is not part of SOGS, the GSSS, guide star

selection system, is an institute responsibility.

Mr. VoLKMER. Let's go back to the very beginning of this whole

space telescope. Could the telescope guidance system been designed

originally to work with existing catalogs?

Dr. GiACCONi. No, I don't believe so.

Mr. VoLKMER. It would not work to the extent that you want to

do so?

Dr. GiACCONi. That is right. We are trying to achieve very high

pointing accuracy. This is determined essentially by the smallest

slits that we have to put on an object; that is, the spectrometers

have a width which is one-tenth of an arc second. We must point

the telescope to that precision in an absolute sense in order to be

able to make sure that we can put this slit or this spectrometer on

the object that we want without a priori knowledge of it.

Mr. VoLKMER. Are we on schedule for the guide star?

Dr. GiACCONi. Yes. As I mentioned, we are on schedule on every

item of the program in which we are involved. The science data

analysis software is developed in a build approach. Pieces get done

every time—we finished the first one. The second one is due for

review in July. We are on time on that. We are on time on the

guide stars.

We were about 2-months late in the construction of the building,

which we did not construct. Johns Hopkins University has built it

for us, with our help and involvement, and they were about 2-

months late on a very fast track approach and 10-percent above on

the cost, which I thought was a very good performance.

Mr. VoLKMER. Are you satisfied that there is adequate effective

input from the science community into the space telescope develop-

ment?
Dr. GiACCONi. As I mentioned, I had some concern about that.

Some of that concern has been relieved by the creation of this new
committee, chaired by Prof Bob Bless, which reports to headquar-

ters.

The advantage of that is it will contain the institute representa-

tive, it will contain representation from the project scientists at

Marshall and project scientists at Goddard, as well as members of

the instrument development teams, and can cut across the bound-

aries between the various NASA centers or even contractors or

whatever.
So, it has, in fact, a great deal of access to problems. It can spot

problems and can bring them to the appropriate level of attention

so that it can be corrected. I think that was a very good step.

Mr. VoLKMER. You understand the problems that NASA and the

contractors are facing in the completion of the telescope?

Dr. GiACCONi. As a bystander, as a spectator. An interested one, I

would say, but as a spectator.
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Mr. VoLKMER. Of course, everything hinges on the fine guidance
system. Do you understand the problems that you are having with

that?
Dr. GiACCONi. Yes; we do. Our job in that area is not to step in

and do development that somebody else is doing. We have to under-

stand it, though, because that particular fine guidance system will

have to be used for astrometry as a scientific instrument.

Professor Faste of Johns Hopkins University, joined by Prof. Jim
Gunn of Princeton and Prof. Jim Westphal of CalTech, are under-

taking a kind of systems analysis of the fine guidance sensor in

order to then develop an alternate sensor.

We have one of our senior staff participating in that study as an
observer, so that we can absorb and understand what the problems

are in that area. We are satisfied that the appropriate steps are

being taken.
Mr. VoLKMER. You are satisfied that you will be able to do the

equivalent of being able to pinpoint the dime in Boston from Wash-
ington, D.C.?

Dr. GiACCONi. Yes; I certainly hope so. We have to.

Mr. VoLKMER. You are doing everything based on that?

Dr. GiACCONi. Yes; ST is not a very large telescope. It is only half

Palomar. It has to be very accurate or else it will not carry out the

promise that it has. So, we are interested in the maintenance of

this characteristic, a concept that NASA certainly has embraced
and has held firm through thick and thin.

Mr. VoLKMER. Do you have any problems with the Space Tele-

scope Science Institute? Are there any problems arising that we
should know about?

Dr. GiACCONi. The only problem we have is we have hired a very,

very good scientific staff, as I endeavored to mention. Regarding

the work, we have an ideal of service and research, which is the

one under which the scientists have been hired. They understand

that they are to give service to the community for half of their

time and they will be allowed to do research, in competing with

other scientists, for half of their time.

The workload and the desire to understand the nature of the

system and to help in its development has been so severe that, in

fact, research during the first year of the institute's operation was

less than 10 percent of the time.

That situation cannot be sustained over a long period because

these are very highly motivated scientists and they simply will not

give up their research for years and years on end. My problem, as

the director, is to make research opportunities available for them,

to improve that situation. That I would consider one of the most

significant problems. ^o j
Mr. VoLKMER. Getting back to the software design for SOGS de-

velopment activities, you say:

. merely questions of software design which must be solved by TRW and the

ST Scl before launch and which will require adequate funding in fiscal years 1983,

1984 and 1985 for their solution. Lack of this support would, almost certamly, result

in launch delays for the ST.

We have 1983 and we have done 1984, at least part of the way. Is

the funding adequate there?
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Dr. GiACCONi. Perhaps that question should be better directed to

Dr. Hinners. All I can say is that the problems have been identified

and the work which has to be done has been identified.

Remember, we at the institute are a level 4 in this chain of com-

mand, or lower, but we have certainly not been assured that we
will have those funds, which are very modest compared to the

numbers that I have been hearing today.

If those funds were not to be available, we could see a problem

arising in getting ready for launch in 1986. That is all I meant.

Mr. VoLKMER. You also say:

A major element of risk lies in the SOGS development, where the unavailability

of adequate funding in the fiscal year 1983 and fiscal year 1984 period could result

in unworkable schedules for the completion of the system and in the unavailability

of an operational ground system ... to support the ST launch.

Dr. GiACCONi. That is what I mean. The point is that the ground

support system for a spacecraft of the complexity of ST is itself a

complex job. Whereas in the past one could just start developing

the ground support system when essentially all the development

effort was over, here you have years of development.

Time is running. Even now Canndi is only 3 years away. I think

it is a proper concern, that we can be ready for launch. We certain-

ly have a path clear to us. I don't see any major problem in follow-

ing that path, but funding constraints are a problem; that is, to the

extent that we continue having development problems, then they

tend to push away or tend to delay the mission operation activities.

All I am saying is that you can't afford to play that game too

long.

Mr. VoLKMER. Thank you very much, Dr. Giacconi.

Dr. Giacconi. Thank you, Mr. Chairman, for the courtesy in al-

lowing me to testify.

Mr. VoLKMER. We will now have Dr. Noel W. Hinners, Director,

Goddard Space Flight Center.
Dr. Hinners, your statement will be made a part of the record,

also. You may either summarize or review the full statement, how-
ever you so desire.

STATEMENT OF DR. NOEL W. HINNERS, DIRECTOR, GODDARD
SPACE FLIGHT CENTER

Dr. Hinners. Thank you, Mr. Chairman. I appreciate the oppor-

tunity.

What I would like to do today, using some visuals, is to explain

to you what Goddard's role is, what our relationship is to both the

Marshall Space Flight Center [MSFC] and to the science institute,

both of which you heard about before, and tell you where we are in

the development of the Goddard responsibilities and what I see as

the outcome.
Due to the late hour I will save my comments on Goddard man-

agement, and its relationship to Marshall and such funding for the

end.
[Enclosure 1.]

The entire responsibility in the space telescope [ST] project, you
might say at both ends starts, and stops with science, when the sci-

ence detection of an object comes into the scientific instruments
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inside the space telescope. As you heard before, Marshall has over-

all project management responsibility and also for the OTA and
the support system module development.
From the instruments, then, the data from the telescope will go

through the antennas to the tracking and data relay satellite

system (TDRSS); down to the White Sands ground station in New
Mexico, where it will be transferred through domestic satellite to

the Operations Control Center at the Goddard Space Flight Center

[GSFC]; from there it will go to the Space Telescope Science Insti-

tute, which then turns out the final science products.

[Enclosure 2.]

The heart of the science system is in the detectors. You have

heard before that our objective is to see out to the edges of the ob-

servable universe, about seven times greater distance than we can

see from our current Earth-based observatories. The detectors—and
that you will hear more about in terms of the instruments—are the

guts of the instrument. Detectors are what we call these charged

coupled devices, solid-state devices, which improve sensitivity by

about a factor of 3,000 to 10,000 over the historical film that has

been used in telescopes primarily on the ground. They also yield a

significant increase over the television systems that are typically

used in space now.
Those detectors have been at the heart of some of our develop-

ment problems and are ones which we are now most concerned

with.
[Enclosure 3.]

In terms of an increase in what we can see, both the telescope

itself and these detectors are responsible for this increase of a

factor of 10. Just to give you some feel, this is what you would see

in a comparable Earth-based telescope photo. Here is what the

space telescope itself will see.

This demonstrates a problem that Riccardo Giacconi touched on

before, of being able to find very faint stars so that when you home
in on small objects, you can have that star as a guide for the tele-

scope.
Many of our detectors will home in on a field which has almost

no stars in it. This happens to be a very rich field right through a

core part of our own galaxy, but most areas you look at you see

very few, just one or two of these very faint objects.

[Enclosure 4.]
, -i- rm.

We should remember that the ST also has near-m capability. 1 he

wide-field planetary camera is going to be able to see Jupiter some-

what as Voyager saw it as it approached and gave us these marvel-

ous pictures of the planet.

With the wide-field camera system, we will be able to monitor

the planets of the solar system on a continuous basis to do, you

might say, the climatology of the planets for a period of decades.

[Enclosure 5.] t i.
• j

The Goddard responsibility is in the instruments. In a stripped

off version of the telescope, the instruments fit in here. We have

four axial instruments, as they are called, and one radial instru-

ment, which fits in from the side.

There are three kinds of basic instruments: two cameras, one the

wide-field planetary camera, with the principal investigator, Jim
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Westphal, from CalTech; it is being built by JPL, complemented by
the faint object camera supplied by the European Space Agency.

The wide-field planetary camera is in its final stages of accept-

ance testing and is expected to be shipped to Goddard in August of

this year. The European faint object camera, which has had some
setbacks in the past, now appears to be back on schedule and will

be delivered to Goddard in October of this year. A little later I will

get into what is going to happen when all these instruments come
to Goddard.
The second class of instruments includes the spectrographs,

which do not return pictures or images as you commonly think of

them, but measure the spectra, which tells us about the elemental
composition, the velocities of gases in space, the composition of the

stars, how they are formed, how they are exploding in supernova,

and how quasars and that type of object are formed.

We have two of those. One is a faint object spectrograph, which
is designed to collect for a long time the light of very faint objects;

the other is a high resolution spectrograph, which is designed to

operate on brighter objects.

All of our instruments in that sense are complementary. We
have faint object cameras and spectrographs and wide-field and
high resolution cameras.
The high-speed photometer, the last class of instrument, is de-

signed to look at the light output of stars at very fine time resolu-

tion. We know that stars vary in their brightness. By analyzing the

brightness on a fine time scale, in milliseconds, we can tell what
those stars are doing, why they are pulsing, and learn about the

interior physics of those stars.

[Enclosure 6.]

This is the wide-field planetary camera, which has now complet-

ed its functional tests. It is in its thermal shroud, ready for inser-

tion eventually into the space telescope. It is now undergoing its

final testing, getting ready for shipment in August to Goddard.
There have been problems with this. In March of this year the

charge coupled device [CCD] systems, which are the guts of the de-

tectors for the cameras, came up with a number of problems. This
is the time when you would expect these problems to come up,

when they get integrated into the full-up system and you start to

put light through the camera system and see the results.

The last 3 months have been heavily involved in solving that

problem. It has been solved. We now know the fix for those CCD's.
The fixes are being implemented, and we anticipate when it will be
shipped to Goddard in August.

[Enclosure 7.]

The faint object spectrograph is also ready for its final testing. It

is at the Martin-Marietta Co. now and if not tomorrow, later this

week, will go into the thermal vac test for its final testing at

Martin-Marietta before shipment to Goddard. Again, we anticipate

receiving it in August of this year.

On the faint object spectrograph we have also had detector prob-

lems. What is known as the red detector was seriously degraded.

That detector is being changed out and will be replaced. We are

also watching what is called the blue detector. If it degrades any
further, it also will need to be replaced.
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We believe we know why these detectors have failed and that by
replacing them with new units they will be in good shape. That
effort is proceeding.

[Enclosure 8.]

This shows you the high-resolution spectrograph. At this point

you must wonder why an instrument can cost so much or what is

inside. These boxes are all the same design for the actual instru-

ments, about 3 by 3 by 7, and weigh roughly 700 pounds with an
instrument inside. The handles allow the astronaut to remove
these units on orbit, for replacement should one of these instru-

ments fail.

This is one of the famous latch points which Dr. Lucas men-
tioned and which has been of prime concern. It is absolutely essen-

tial that these latches go in in perfect alinement and hold the in-

strument extremely stable, so that we can get the pointing control

out of the total telescope system. The optical paths must remain to-

tally alined within the telescope and the instrument, and then, of

course, we must maintain fidelity through the data transmission

back to ground.
[Enclosure 9.]

Looking inside, we show you here the buildup so you can get

some understanding or feel for what is inside one of these tele-

phone booths. This is the basic shell, aluminum structure, for the

high resolution spectrograph.
[Enclosure 10.]

The critical piece of it is what we call the optical bench. This is

made of the graphite epoxy material, which has a very low thermal
expansion, so when this material sees different temperature
changes, it doesn't flex, bend and get things out of optical aline-

ment.
This has been one of the challenges of the program, along with

the detectors. Degassing is also a problem with these epoxys. All

the material now that is in critical places has been baked out, to

get any moisture out, so that when they are finally integrated in

the space telescope we will not have a problem with contamination.

[Enclosure 11—detector assembly.]

This is a close-up view of the detector assembly. We are having a

problem with one of the detectors in the high-resolution spectro-

graph. It has been noisy; that is, when you are not looking at an
object, you still get some current or output from the tube. It is a

bad tube in that sense. It is unflyable. We are replacing it and
expect the new tube to perform well.

We understand the reason why the old tube was noisy and have

corrected it. It was a basic problem with some of the materials and

the physics involved with that material.

This, again, is now at Goddard and ready for its acceptance test-

ing.

[Enclosure 12.]

Then the electronics come together in the base shell with the op-

tical bench installed.

[Enclosure 13.]

Final buildup, thermal heat dissipation mechanisms, the inter-

faces to the external command and data handling systems, and

then finally it is buttoned up and ready for shipment.
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Now that you see one of these black boxes, as they are called, I

hope you will have some appreciation for what is inside and under-

stand why we are having problems.

[Enclosure 14.]

At Goddard we are getting ready for what is called the verifica-

tion and acceptance of the instrument on the high-speed photo-

meter, the first instrument which has been delivered to Goddard.

Most others will be there this summer, with the faint object

camera, the last to be delivered coming in October.

At Goddard we test each instrument individually with the sci-

ence instrument command and data handling system, which will be

part of the ST assembly. Each instrument will be tested to be sure

that it works well with the flight on-board computing and data

handling system.
After each instrument is individually tested, toward the end of

this test phase, we will put all the instruments together with the

command and data handling system, to be sure they play as a unit.

We will put them through their paces, using the instrument flight

software and the flight command and data handling system. It is a

systems checkout of the instrument assembly.

After that is over—and we anticipate this will be about midsum-
mer of next year—those instruments will be shipped to Lockheed
for the assembly and verification tests at Lockheed and the buildup

of the space telescope.

[Enclosure 15.]

The other portion which Goddard has responsibility for is the

ground system and eventually the operations of the space telescope

after launch. I mentioned before the path of the data through
TDRSS, White Sands, up through domestic satellite, to the NASA
ground terminal at Goddard. There the information splits.

Within Goddard at Greenbelt, in the ground system, we have
what is called the data capture facility. This is, in essence, large

tape recorders which take all the data coming down from the tele-

scope and record it immediately.
From there, some of the data is sent to the science institute

where, as Dr. Giacconi mentioned, they will do the analysis of the

data from the instruments, including getting it set for the scien-

tists to use.

The other activity at Goddard is the payload operations control

center and science support center, which together are responsible

for sending the commands to the spacecraft, watching the health

and safety of the spacecraft, actually being sure that it is operating

in an optimum mode. We take from the science institute the ob-

serving plans and schedules and experiment commands. They come
through here, back through the ground terminal, through the

TDRSS, on up to the telescope.

Tying all this together, although it looks simple, has been a
major challenge. There are many software contractors involved.

We have CSC, IBM, Ford Aerospace, CTA, and TRW.
One of the challenges that we have is to be sure that all this soft-

ware computer material plays together by the time the space tele-

scope flies, which says you have to test all these systems with the

complete system, the ground system, the satellite, and the space

telescope.
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The schedule, I feel, now is more comfortable than it was. On the

previous schedule, it was tight. With the current launch date of

June 1986, I believe we have adequate time to assure ourselves

that all the pieces of this are going to play together. In fact, in this

area there is maybe a little too much time.

The Data Capture Facility and Payload Operations Control

Center software is coming along at good pace. We need to keep

these people on as we get into the test phase, so we have slowed

down some of that schedule a little bit to assure ourselves that the

development meets our schedule and we are not wasteful of the

people's time. So, that is being phased so that will be on an opti-

mum schedule to work with the full-up testing of the ground

system and then with the space telescope and the TDRSS.
The science operations ground system is a concern. Dr. Giacconi

was talking about that. I share his concern. It is an area that we
are working very closely with Marshall and are now relooking, the

fiscal years 1983 and 1984 funding levels, which we will complete

over the next several weeks. We will assess whether or not we are

on an optimum schedule and budget for that software development.

I concur in Dr. Giacconi's assessment that the institute came in

too late in that development. The funding for that was initially es-

timated at about $30 million. It is currently budgeted at about $42

million. I expect by the time we finish the first phase we will be at

about $45 to $50 million on that.

Earlier science input from the science institute would have told

us, probably several years ago, that we would have needed a

system that indeed is just about where we are now. The Science In-

stitute involvement in the management of that contract through us

with TRW I think is proving very beneficial. We have good rela-

tionships with the science institute and are working in a very coop-

erative mode in getting this ground software in shape to support a

top notch space telescope.

[Enclosure 16.]

The Payload Operations Control Center at Goddard is shown

here. We are starting to put the consoles in and are well underway

to having that in place and software up and ready for flight.

[Enclosure 17.]

Last, the science institute itself will be dedicated tomorrow. We
anticipate that as the people move into here from their dispersed

locations, we will have a more compact organization, which will

help also on the management interfaces.

In summing up, I think we are in good shape. Our concern is on

the science operations ground software. With a scheduled relax-

ation, we have more time to work those problems, but we do have

to work carefully the funding levels for these near-in years.

Typically, ground systems software development has lagged and

has come up at the last minute in development projects. I think we

need to be sure that this time we are ready well ahead of flight to

go with an all-up space telescope system.

Thank you.

[Enclosures 1 to 17, the prepared statement, plus answers to

questions asked by Dr. Hinners follow:]
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ENCLOSURE 1 -

SPACE TELESCOPE TO EXPAND OBSERVABLE
• BY 350 TIMES

ERSE

SPACE TELESCOfC
115 TO »0 H.M.O)>(ITAL ALT

- EARTtrs ATHOSWERE

• RESOLUTION WILl. BE WTIUES
SHAWER THAN ACOUIREO BEFOIIE

n WILL SEE OBJECTS 50 TIMES
nUNTU THAN THOBE DETECTED
•T EAKTH BASED OBSERVATORIES

• WILL AMALrSE BPECTRAL RANQC
niOH INFRAIIEO TO THE ULTIUVIOIET

ENCLOSURE 2 - ST TO EXPAND OBSERVABLE
UNIVERSE BY 350 TIMES
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THE SPACE TELESCOPE

MSrC-"> -SI 280K

ENCLOSURE 3 - ST RESOLUTION CAPABILITY
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SCIENTIFIC INSTRUMENTS

AXIAl SI MODULES 141

• ( A i M

• Ki IIAPM

^<:]<

RADIAL SI MODULE 111

• WIDE FIE 1.0 CAMERA

ENCLOSURE 5 - SCIENTIFIC INSTRUMENTS

ENCLOSUKL 6 - WIDE FIELO/PLAN£TARr
CAMERA
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ENCLOSURE 7 - FAINT OBJECT SPECTROGRAPH
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ENCLOSURE 8 - HIGH RESOLUTION
SPECTROGRAPH

ENCLOSURE 9 - BASIC SHELL FOR HIGH

RESOLUTION SPECTROGRAPH
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DURING

oi't:::, ai,c utTECTOR
ALIGNMENTS

CJCLGSUaC U - DETECTOR ASSEMBLY
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2 - BENCH IN ENCLOSURE,
RAFTER ASSEKBLV IN

BACKGROUND

ENCLOSURE 13 - HIGH RESOLUTION
"r. SPECTROGRAPH ASSEMBLED
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ENCLOSURE U - HIGH SPEED PHOTOMETER

ST Observatory

TDRSS

Ground-
Station
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I

LtlCLOSURE 16 - ST OPERATIONS CONTROL

CENTER

ENCLOSURE 17 - ST SCIENCE INSTITUTE
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statement of

Noel W. Hinners
Director, Goddard Space Flight Center

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

before the

SL±)commi ttee on Space Science and Applications
Committee on Science and Technology

House of Representatives

Mr. Chairman and Mentoers of the Subcommittee:

This statanent presents the status of the Space Telescope
activities for v«*iich the Goddard Space Flight Center has primary

responsibility. It includes a description of the problems that have
occurred, the current technical and schedule status of our activities,

as well as the challenges and risks that we will face as we complete

our crucial and significant responsibilities within the Space
Telescope Program.

Introduction

Let me begin by describing Goddard 's role in the Space Telescope
endeavor. Space Telescope, in a systems-sense, begins and ends with

science. It begins with the collection of scientific data and ends
with the analysis and publication of scientific findings and

discoveries. Goddard is intimately involved with both aspects. We

are responsible for the production of tlie four U.S. Science Instru-

ments which will perform the measurements. We are charged with
monitoring and interface management of the fifth Science Instrument

for which the European Space Agency has production responsibilities.
Secondly, Goddard is responsible for the development and operation of

the total ground system \4iich will permit the conduct of astronomical
research by the scientific community. Finally, we will have respon-
sibility for operating the Space Telescope over an anticipated 15-20
year life.

As you are aware, overall project managonent responsibility for

Space Telescope rests with our sister center in Huntsville, Alabama,

the Marshall Space Flight Center. In its simplest form, the Space

Telescope Project consists of four major elements: The Science
Instruments, the telescope assembly, the support systems, and the

ground system. Goddard is responsible for the first and last of these

elements, representing about 40% of the total Space Telescope budget,*

>*iile Marshall has responsibility for the telescope and support
systems in addition to their total Project management responsibility.

development and operations, FY 1984 Budget Submission
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Science Perspective

Before addressing our problems and status, I would like to offer

some views and perspectives on the science capabilities and

opportunities to be provided by Space Telescope.

With the launch of the Space Telescope, a decades-old aspiration

of astronomers will be fulfilled, namely to be able to observe the

universe with a telescope of large aperture and high-optical quality,

operating in an environment free from the turbulence, selective

absorption at ultraviolet and infrared wavelengths, and brightness of

the Eartli's atmosphere. The Space Telescope will provide a quantum

improvement over current capabilities by a factor of 10 in our ability
to resolve fine detail in complex sources such as the atmosphere of

Jupiter or the rich star fields of nearby galaxies. For example, the

images obtained of Jupiter day after day with the Space Telescope will

be comparable in resolution to those obtained by Voyagers 1 and 2 when

they were only a few days from closest approach to the planet. Thus,

with Space Telescope, we will be able to follow the dynamics of the

Jovian atmosphere over the long term.

The combination of a large light-collecting aperture (40,000
cm ) and fine angular resolution (0.1 arcseconds) provides another
quantun jump by a factor of 7 to 10 in the distances to which astro-
nomical objects can be detected and studied. In particular, it is
expected that galaxies and quasars will be observed over distances
which are a large fraction of the distance traveled by light during
the age of the universe—that is, we will be able to observe the

universe as it was early in its lifetime. This capability will give
us important clues about the large-scale structure of the universe
(for example, whether it is "open" or "closed") and also about the way
matter has evolved over the age of the universe. At ultraviolet
wavelengths, the large aperture of the Space Telescope will permit
spectroscopists to analyze the light from planets, comets, stars,
nebulae, galaxies, and quasars, with resolution and sensitivity which
exceed by a substantial margin the capabilities of past and current
space observatories such as Copernicus and International Ultraviolet
Explorer.

Because of the absence of atmospheric turbulence, we will be able
to accurately measure and time the rapid changes in brightness of
supernovae and novae and of the matter falling onto neutron stars and
black holes within x-ray binary stars. The stability and quality of
Space Telescope images will also allow the relative position of stars
to be measured with improved accuracies of factors 7 to 10. Such
measurements will be applied to the search for systems of planets
around nearby stars.
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Because of t±iese quantum jumps over current capabilties, the

change in our perception of the universe which will be engendered by

the Space Telescope can be likened to that which occurred when Galileo

first observed celestial objects through a simple telescope. It has

also been compared to the revolution which began in the sixteenth

century when the great EJanish astronomer Tycho Brahe achieved a factor

of 10 improvement in the accuracy of the measured positions of stars

and planets. His measurements were used by Kepler to deduce the laws

of planetary motion, and Kepler's work in turn led Newton to the

discovery of the law of universal gravitation. The scientific program

of the Space Telescope will certainly represent a climax of the

revolution of modern thought about the universe, v^ich began in the

1920 's with Harlow Shapley's demonstration that our sun is not at the

center of the system of stars we call the Milky Way galaxy and which
continued with Edwin Hubble' s discoveries that our galaxy is but one

of billions of " island universes" which are expanding away from each

other—an expansion we now believe to have begun in a "big bang"

origin of the universe some 15 to 18 billion years ago. Perhaps our
greatest excitement about the promise of Space Telescope, however, is

reflected in an unofficial motto we have used within the Space

Telescope Project, "conscious expectation of the unexpected." As with

all revolutionary steps in observational or experimental capabilities

in science, the Space Telescope will provide answers to fundamental

questions we do not yet know how to ask.

At the scientific heart of the Space Telescope is an optical

telescope of unparalleled quality with five powerful and versatile
Science Instruments. These Instruments include two cameras, two

spectrographs, and a photometer. Their capabilities are briefly

sunmarized as follows:

Cameras ; These Instruments are intended to measure the spatial

structure, brightness, positions, and angular velocities of

celestial objects. The Wide Field/Planetary Camera has been

developed by the Jet Propulsion Laboratory, Pasadena, California,

under the direction of Principal Investigator James A. Westphal

of the California Institute of Technology. It is sensitive over

an extraordinary wavelength range, from 115 rm to 1100 nm, but it

is most sensitive in yellow-to-red light. It has been designed

to observe relatively large fields of view (sufficient, for

example, to encompass the entire disc of Jupiter) at a small

sacrifice in angular resolution. These capabilities are
complemented by those of the Faint Object Camera , developed by

the European Space Agency. This camera attains the highest

possible angular resolution at some sacrifice of field of view

and is most sensitive at ultraviolet and blue wavelengths.

Spectrographs ; Spectrographs are the primary tools of modern
astrophysics, allowing scientists to analyze the light anitted by

celestial objects to deduce their physical nature—that is, their

chanical composition, temperature, density, radial and rotational

velocities, etc. The two spectrographs on board the Space

Telescope will make up a complementary set, covering a remarkably

broad range of capabilities.
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The Faint Object Spectrograph has been built by the Martin

Marietta Corporation under contract to the University of

California at San Diego, with Richard J. Harms the Principal

Investigator. It will provide high-quality spectroscopic data on

exceedingly faint objects at relatively low spectral resolution.

The High Resolution Spectrograph , managed by Goddard under

Principal Investigator John C. Brandt, was built by Ball

Aerospace Systems Division, Boulder, Colorado. In one mode, the

High Resolution Spectrograph will provide a spectral resolution

which is unprecedented in space astronomy on relatively bright

objects. In another rrode, its sensitivity will greatly exceed

that of the Copernicus and International Ultraviolet Explorer

instruments at comparable spectral resolutions. Both the Faint

Object Spectrograph and the High Resolution Spectrograph will

exploit the image quality of the Space Telescope to isolate

specific target objects in crowded fields of view. The High

Resolution Spectrograph is exclusively an ultraviolet instrument,

while the Faint Object Spectrograph sensitivity extends well into

the red.

Photometer ; The High Speed Photometer was built at the

University of Wisconsin, under the leadership of Robert C. Bless,

Principal Investigator. This Instrument will provide the ability

to precisely measure variations in the brightnesses of stars

which are in the last phases of their evolution or to follow the

dimnirg of light from a distant star as it is occulted by the

atmosphere of a planet in our own solar system. It can

distinguish variations separated in time by as little as 32

microseconds. It will also achieve an improved precision with

which the brightness of non-variable stars are measured.

In addition to these five dedicated Science Instruments, the Fine

Guidance Sensors, which provide positional stability information

to the spacecraft, also will be used for an important scientific

purpose—to greatly improve our knowledge of the relative

positions and distances of stars and other objects within their

fields of view. This type of research is called "astrometry."

Implementation of the Fine Guidance Sensors astrometry program is

the responsibility of Principal Investigator William H. Jeffreys

of the University of Texas, under contract to the Marshall Space

Flight Center.

It should be noted that the Space Telescope is intrinsically

capable of supporting certain types of infrared observing programs,

though instrumentation for this purpose was not selected for the

initial flight. Except for the infrared, the Space Telescope (with

the initial complement of Instruments descibed here) will be a

complete observatory. It is difficult to think of any category of
optical astronomical observations which cannot be conducted with one

or more of the current Instruments. Moreover, these Instruments are

capable of providing quantitative data of superb quality, since they

are all characterized by their stability, high sensitivity, wide
dynamic range, and low background noise levels.
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We consider t±ie Space Telescope to be a first, essentially-

permanent space observatory. With Shuttle-supported maintenance,

altitude reboost, and possibly refurbishment, its mission lifetime can

be one-to-tvvo decades. However, there is no a priori reason why it

could not continue to operate well beyond that period, while providing

a major continuing capability to astronomers of the 21st century.

lb foster the long-term continuity of the Space Telescope

observatory, NASA has entered into a unique partnership with the

astronomical community by contracting with the Association of

Universities for Research in Astronomy (AURA) to manage the scientific

program of the Space Telescope. This contract is administered by

Goddard. The Space Telescope Science Institute, the earth-based site

for scientific operations of this space observatory, will open the

doors of its permanent facility at the Johns Hopkins University in

Baltimore, Maryland, on June 15, 1983. The Institute will need many
tools to accomplish its mission. In particular, a versatile and

powerful set of computer hardware, peripherals, and software,

constitutir^g the Science Operations Ground System, is required. The

Ground Systen will provide the means to plan and schedule the

observations, to implement real-time operational commanding, to supply

quick-look data processing arid displays, to convert the data

telemetered down from the Space Telescope into a reduced and

calibrated form amenable to scientific analysis, and to furnish

individual scientists who come to the Space Telescope Science

Institute with a versatile menu of analysis software with Uiich to

begin the process of scientific interpretation. The Science

Operations Ground Systan is being developed by TFW, Inc., Redondo
Beach, California, under contract to the Goddard Space Flight Center.

Science Instruments Progress

It has been nearly six years since the Space Telescope Project

began. In that period, we have come a long way, though there is much

yet to be done. The efforts for which Goddard is responsible have

come from mere glimmers in the eyes of astronomers-instrument

scientists to nearly completed Science Instruments. While none of the

five Science Instruments planned for the initial flight of Space

Telescope are today completely ready for launch, each of the four U.S.

Instruments have in fact been built, assembled, and have dononstrated

an all-up operational capability. They operate as instruments. They

are no longer a mere glimmer or a paper design or a collection of nuts

and bolts. Each of them has demonstrated that, as instruments, they

perform their intended purpose and function, ^fclt all have canpleted

their instrument-level test phases yet, but all have at least begun,

after first demonstrating optically and electrically that they can

indeed function as designed and as advertised.

The fifth Instrument, t)eing developed by the European Space

Agency, is not quite as far along, since it had been dealt a

substantial setback about 1-1/2 years ago because of the discovery of

a generic manufacturing defect in its vidicon tubes. Nevertheless,

the European Space Agency and its contractors have largely recovered
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from that technical setback and are now nearing the point vhen the

entire Instrument will be asseinbled and functioning, as well as

environmentally tested.

I do not want to give the impression that the development of

these Instrutients over the last six years has not been without

technical problems; indeed, some are still occurring. Many of these

problems are of the typical variety and in the usual quantity

associated with large hardware developments. Each of the Science

Instruments, by the way, is roughly the size of a phone booth, that

is, about 3X3X7 feet and weighing 700 pounds or so. They all

incorporate optical systems and sophisticated electronics—some with

built-in microprocessors, and advanced materials to provide the needed

thermal and structural precision and stability. It was not long ago

that complete orbiting spacecraft were of the size and sophistication

of each of these Space Telescope Instruments. Thus, one reasonably

expects some hardware development problems in frontier technological

efforts such as this.

To illustrate this point, one such problem involves the Wide

Field/Planetary Camera. This instrument utilizes eight separate

camera heads used in groups of four to acquire either wide-field-

of-view or high-resolution pictures. Each camera utilizes an advanced

solid state detector called a Charge Coupled Device. These devices

are used in order to provide high resolution and large sensitivity

over a wide wavelength range. They were developed by the Texas

Instruments Company for the Space Telescope and Galileo Programs and

are cooled to -95°C in order to function. The problem began to

surface during electrical performance testing on one of the eight

cameras. Subsequent technical investigations, tests, and analysis

identified the cause to be due to the combination of three separate

factors: a manufacturing technique (a coating applied to the Charge

Coupled Device), the camera's thermal test history, and its exposure

to ultraviolet test sources. Together, these factors combined in just

the wrong way to significantly degrade the detector's performance.

Further, all other detectors were determined to be similarly

susceptible to the same degradation. Ihe scientists and engineers,

after discussions with the manufacturer's technical experts and

several experimental tests and theoretical modeling, have developed

and implemented a cure for the phenomena. There are two key points

associated with this example: first, there can be and are very subtle

but critical problems to be encountered with advanced state-of-the-art

instruments; and, second, this problem was encountered just three

months ago (March 1983)—not three or six years ago. It was uncovered

by methodical and careful testing (that is what testing is for) , and

it was solved by skilled and dedicated people. Because the on-orbit

research capabilities of Space Telecope require that we carefully test

or reanalyze that which we cannot test on the ground, we can, I

believe, reasonably expect to uncover some more "high-tech unknowns."

This process will continue over the next few years as we complete our

testing on individual Instruments and as vie move on to testing of

Instrunents in conjunction with their flight command and data handling

and software systems. Ultimately, the process will continue into the

systems-level test phase where Space Telescope will be operated on the

ground as an all-up functioning entity in order to proof-test its
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basic operations functions and capabilities. Our challenge will be to

continue to do this carefully and well and to be sufficiently skilled
and innovative to quickly overcome the technical problems which are
bound to arise.

Let me now describe in some detail the status of our Instruments
and related hardware and testing.

Science Instrument Status

The flight instrument program at Goddard has just begun a series
of tests which will integrate the five Instruments with the Command
and Data Handling equipment they will use in the Space Telescope.
This testing will be accomplished after each Instrument completes its

environmental test program and will insure that the Instruments, as a

system, will not interfere with each other when operated in the Space
Telescope observatory. The flight software will also be verified as
part of this process. The instrument test program will culminate
early next year in a functional test of all five Instruments together,
simulating the various modes of operation that they will be expected
to perform in orbit. This will be the final set of tests on the
Instruments before delivering them to the Lockheed Missiles and Space
Co., Inc., Sunnyvale, California, for integration into the Space
Telescope.

This program has just started at Goddard. The Command and Data
Handling equipnent, built by the Fairchild Space Company, Germantown,
Maryland, has been delivered to Goddard after completing its

environmental qualification testing. The onboard conputer, which will
operate with each of the Instruments, and the extensive ground
equipment needed to perform the Verification and Acceptance Program
testing at Goddard have also been delivered. This equipment,
developed and supplied by the IBM Corporation, Germantown, Maryland,
is now hooked up to the first Instrument, the High Speed Riotometer
(vAiich was delivered last year and has already completed its
envirorinental test program)

.

The High Resolution Spectrograph has just been delivered to

Goddard after having completed alignment, calibration, and thermal
vacuum testing. It will now be tested at Goddard to the mechanical
environments before beginning the Verification and Acceptance Program
testing in July.

The Faint Object Spectrograph has completed alignment, "ambient"

calibration, most of the structural/mechanical qualification tests,

and is now ready to begin thermal-vacuum testing and calibration. It

is scheduled for delivery to Goddard in early August.

The Wide Field/Planetary Camera will be delivered to Goddard in

late August. It has completed alignment and the first of two planned

thermal-vacuun tests. Modifications to the cameras required by
problans found last March have also been completed. Structural/
mechanical testing has now started, to be followed by the second
thermal-vacuum and calibration test before delivery in late August.
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The Faint Object Camera, mentioned earlier, is supplied by the

European Space Agency. Ttiis Instrument, in a configuration in which

all hardware except the detector assembly was "flight" equipment, has

completed all environmental alignment and electromagnetic interference

tests. The "flight" detector assembly is now being installed; and,

over the suraner, the Faint Object Camera will repeat the acoustic and

thermal vacuum tests and perform its final calibration. The Faint

Object Camera will be delivered to Goddard for the Verification and

Acceptance Program testing in late October.

To sunmarize the current status, one Instrument (the High Speed

Photometer) and the Science Instrument Command and Data Handling

equipment have completed their acceptance programs as individual

subsystems. Three Instruments (the Faint Object Spectrograph, the

High Resolution Spectrograph, and the Wide Field/Planetary Camera)

have been operated in their flight configuration and are now in the

environmental test phase. The fifth Instrument (the Faint Object

Camera) is now being integrated into its final flight configuration.

Finally, the test program, which will test all of the Instruments as a

complete science system, has started at Goddard.

We have several technical deficiencies, all of which are
correctable. The significant ones are:

o One of the two detector assemblies of the High Resolution
Spectrograph exhibits sufficient noise, such that a determination
has been made that, if flown, it would significantly degrade the

science return. Investigations completed earlier this year showed
that the problem was associated with a high-resistance coating
applied externally to the digicon tuhje. A replacement detector
assembly has been built and is exhibiting low-noise
characteristics. Changeout, retest, and recalibration is

scheduled for next fiscal year, without impact to the Verification
and Acceptance Program testing, nor delivery to Lockheed.

o The red-sensitive detector assembly of the Faint Object
Spectrograph has degraded to below acceptable limits. The cause
has been traced to the combination of exposing the operating
instrument to normal laboratory lighting with low voltage levels
applied to the tube. ITiis phenomena was totally unexpected by all
the experts, includirq the co-inventors of the tube. Nonetheless,
the degradation has occurred; actions are in place to preclude a
future occurrence; and changeout, retest, and recalibration is

scheduled for FY 1984.

The blue-sensitive tube of the Faint Object Spectrograph has
sustained slight degradation, possibly but not certainly due to the

same phenomena. While it continues to perform above "scientific
minimuns," its performance is beirg carefully monitored; and we
have allocated contingency funds to replace it also, should it
become necessary.
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o The High Speed Photometer many months ago suffered a number of

.problems associated with its internal power supply. At that time,

it was found that this power supply—manufactured by a

subcontractor—had serious design and quality defects such that it

was not repairable. A brand new power supply is presently under

construction at the University of Wisconsin and will be installed
upon completion.

Overall, I believe that the Science Instruments are in quite good

shape, with firm plans in place to correct the few remaining technical
problems.

Development of Ground Systan

The second major responsibility of Goddard is to develop the

entire ground system which will be used to operate Space Telescope and

to support the user-observers through the generation of science-
output-products for analysis and archiving.

The Space Telescope ground system consists of Space Telescope-

unique, as well as NASA-wide, facilities. The latter, vAiich I will

not discuss here, consists of the NASA network including the Tracking
and Data Relay Satellite System (TDRSS) facilities, the NASA
Communications (NASCOM) facilities, and certain other general purpose

equipment and capabilities.

The Space Telescope-unique ground system facilities reside in two

principal locations: at Goddard in Greenbelt and at the Johns Hopkins
University Homewood Campus in Baltimore, Maryland.

At Goddard, we will have the Space Telescope Operations Control
Center (STOCC) at which the health and safety of the orbiting

telescope will be maintained; command, control, and communications
management will take place here. Continuous engineering assessment of

the performance of the entire system will be done by the personnel at
the "STOCC," and they will also provide the interfacing functions with

NASCOM, the TDRSS, and the second principal facility, the Space

Telescope Science Institute. At the Space Telescope Science

Institute, the observing program will be managed; the science data

will be received, calibrated, and archived; and science data analysis
will be supported through the generation of science data products.

These two facilities, at Goddard and at the Johns Hopkins University,

will provide the capability to operate Space Telescope in orbit for

the purpose of scientific research by the astronomical community.

A few comments about the status of each of the major components

of the ground system are appropriate:
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Facility modifications at Goddard for the Space Telescope

Operations Control Center (STOCC) have been completed, and this space

is now becoming occupied by consoles and computers, as well as by the

advance plannirig staff of the mission operation contractor, Lockheed

Missiles and Space Co., Inc. The hardware and software systems to be

installed in the Goddard STOCC will provide the capability to directly

control the Space Telescope from the ground and to analyze the

performance of the onboard engineering systems. Implementation of

this capability is beir»g accomplished under two contracts (the

Computer Science Corporation, Silver Spring, Maryland, and Ford

Aerospace, College Park, Maryland) and is managed by Goddard. Progress

on this system is running substantially ahead of project need dates.

Whereas the above might be considered to he an "Engineering

Operations Ground Systan," the "Science Operations Ground System" is

being developed by TRW (mentioned earlier) for use by the Science

Institute. It consists of a network of computers, associated control

and display terminals, and a system of computer programs to support

observation planning and scheduling and post-observation data

processing. Design is nearing completion, and many of the hardware

components have been delivered. Ttie formal critical design review vias

held in March 1983, and software coding has begun. The Space

Telescope operation activities will be rephased consistent with the

revised launcti schedule.

The Space Telescope Science Institute is operated by the

Association of Universities for Research in Astronomy (AURA) under

contract to Goddard. The Science Institute was created to administer
and conduct the Space Telescope Science Program, beginning with

Announcement of Opportunities through conduct of observations and
production of processed data.

The Science Institute staff is now housed in a newly constructed
facility on the Johns Hopkins University Homewood Campus in Baltimore,
Maryland. In fact, the official opening of the facility will take
place tomorrow, June 15, 1983. Prior to the availability of this
Space Telescope-dedicated facility, the evolving staff of the Science
Institute have been temporarily housed by Johns Hopkins University.

One of the Science Institute's challenges over the past several
years was to evolve from a concept to an operational organization.
Besides the building, they had to begin hiring personnel, create an
infrastructure capable of such things as purchasing, accounting,
payroll, janitorial and security services, as well as to provide the
technical expertise to develop two essential elements of the ground
system: the capability of selecting suitable guide stars for
observational use and an interactive analysis software system for
scientific information extraction from the telonetered data.
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During the past year, significant progress was made by the

Science Institute staff in developing the Guide Star Selection System,
which will be used to create a required guide star catalog which is

more precise arri contains fainter objects than presently existing
catalogs. The Science Data Analysis System is the other major system
developnent activity being carried out by the Institute, and good
progress has been made as well in the design of the software for this

system.

Together, these two essential elements of the Space Telescope
ground system represent about a seven-million-dollar development
effort >*iich is currently engaging roughly one-third of the Science
Institute staff. Another one-third or more is engaged with
administrative (accounting, business support, etc.) and management
functions. The remaining staff is participating in operations
planning.

Our current problems in the ground system developnent activity
center around the challenge to build an appropriate science operations
ground system capability. This effort is a large and, in sane
respects, pioneering effort. While much of the effort is progressing
satisfactorily, the March design review served to point out some
weaknesses, particularly in the automated science planning and
scheduling approach. A reexamination of that approach is currently
underway, and we expect to have corrective actions in place within the

next few months.

Overall, the development of the ground system for Space Telescope
is progressing, and there is no reason to expect that we will be
anything but fully ready and capable of supporting the launch and
operations of Space Telescope.

Concluding Remarks

In summary, the Goddard Space Flight Center has a significant and
crucial role to play in the development and operations of the Space
Telescope. We plan to provide Science Instruments fully capable to

deliver promised and perhaps unimaginable science, and ws will provide
a ground system which is fully capable of exploiting the science
potential of those Instruments. Many significant milestones have
already been achieved, including the fact that four flight Instruments
exist. And, while Space Telescope is truly "cutting-edge technology"
with much work to be done and new technical problems to be solved,

Goddard has the resources and capability to successfully complete our

assigned responsibilities.

To assure proper attention to this high-priority NASA mission,

last November (before the current overall Space Telescope problems
surfaced) , we restructured the Space Telescope Project at Goddard.

The Project Manager was elevated to Deputy level in our project
organization and added to the staff were senior personnel, many of

whom were leaders in developing the International Ultraviolet
Explorer, now in its sixth year of operation and a prototype of sorts

for the Space Telescope.

Thank you very much, Mr. Chairman.
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Written Questions submitted by Chairman Volkmer during
the June 14, 1983, hearing at which Dr. Hinners
testified.

QUESTION 1 :

a. Dr. Hinners, could you describe the Goddard
organizational structure for the Space Telescope
act ivit ies?

b. Are the Space Telescope activities at Goddard
within a single project office?

c. Does each instrument have a separate project
manag er ?

ANSWER 1:

a. The Space Telescope projects resides within the
Flight Projects Directorate at the Goddard Space
Flight Center (GSFC). Recently, the project was
elevated to Deputy Director of Flight Projects level.
The Deputy Director of Flights Projects for Space
Telescope has a direct line to the center director for
all matters relating to the Space Telescope. Aside
from the project manager, the project is divided into
five main offices, namely: Systems Engineer, Science,
Resources, Experiment Systems, and Ground Systems and
Operations. Each of the office managers for Space
Telescope reports directly to the Deputy Director of
Flight Projects. Each of the five main offices has,
in turn, its own respective staff.

Supporting the Space Telescope project are the other
Goddard Directorates, namely: Management Operations
Flight Assurance, Mission and Data Operations,
Science, Engineering, and Networks.

b. The Space Telescope activities at Goddard
organized within a single project office.

are

c. Each instrument has an assigned technical
officer who is responsible for overall performance of
his respective instrument. Primarily, the technical
officer coordinates all schedule and technical
performance activities between the instrument
contractor and the project. The contract technical
officers for each of the five scientific instruments
report to the instrument systems manager who is

responsible for overall instrument performance.

QUESTION 2 :

How would you assess the working relationship between
Marshall and Goddard relative to the Space Telescope
program?
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ANSWER 2 :

Overall, the working relationship between the Space
Telescope personnel at Marshall and Goddard has been
very good

.

QUESTION 3 ;

a . Cou Id you
associated with
ins trument s ?

elaborate on the cost growth
the development of the science

b. What
at tr ibut ed
overrun ?"

portion of the cost growth can be
to "inflation" and what portion to "cost

ANSWER 3 ;

a. The increase in cost associated with each of the
major instrument contracts can be identified in three
major categories: scope changes, rephasing, and cost
growth. The scientific instruments are each one-of-a-
kind designs, and employ state-of-the-art
technologies. The more costly increases are
associated with the development, manufacturing, and
testing of digicons and detectors on the faint object
spectrograph (FOS), hybrids, optics, and detectors on
the high resolution spectrograph (HRS), the internal
power supply on the high speed photometer (HSP),
electrical redesign, heat pipes, selectable optical
filter assembly and filter mechanism on the wide field
planetary camera (WFPC), science data formatting and
hardware changes on the scientific instruments control
and data handling, and overall late latch deliveries.
As mentioned above, program rephasing in December,
1980, from a 1983 launch to a 1985 launch contributed
a significant portion of the overall cost increase and
the launch delay to 1986 will contribute an additional
cost increase to the science instruments. Our
analysis is not yet completed on the amount of cost
increase due to the slip of the launch to 1986.

b. The detailed analysis of the rebaselining of the
Space Telescope development activities will not be
completed until late summer or early fall. We will,
however, inform the Committee of our final assessment
of the Space Telescope cost increases at that time.

QUESTION 4 ;

Please provide for the record and for each instrument:

a . Contr ac t or ,

b. Initial cost estimate at completion,
c. 1980 rebaseline cost estimate at completion,
d. Current cost estimate at completion,
e. Original and current date of delivery, and
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f. Significant factors affecting cost increase.

ANSWER 4 :

See Chart A, attached, for items a. through e. Listed

below are the major cost drivers per scientific

in s t rumen t s

:

Cost Dr iver s

FOS

Detector Assemblies
D ig i con s

Uncompensated Momentum
Hybr ids

WFPC

Rad ia t or
Filter Mechanism
Heat Pipes
Elec tr ic Redes ign

HSP

Low Voltage Power Supply

C&DH

Sc i . Data Format
Std . HDW Changes
RIU

HRS

Detectors
Hybr id s

High Voltage Power
Opt ic s

Supply

OTHER COST DRIVERS

Latch Deliveries
Rephas ing and
assoc iated
inf lat ion

OUESTION 5 ;

a. What is the impact on the Science Institute and

ground management system of current plans to reprogram
funds from these activities to development?

b. Are you confident that the ground system and the

Science Institute will be in place by the time the

Space Telescope is launched?

ANSWER 5 ;

a. The major impact of the r eprogr amming of FY 1983

funds out of operations is a delay in the completion
of the science operations ground system (SOGS),
consistent with the rebaselined launch schedule. This
will, of course, increase the runout cost of the SOGS.

Impact to the Space Telescope Science Institute has

been minimized so that the presently on-board
positions will not be reduced. (These positions are

highly specialized, and NASA has a considerable
investment in the Space Telescope knowledge now
possessed by the incumbents.) However, the planned
staff buildup of operations personnel has been delayed
to correspond to the new launch date.
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b. I believe that the ground system and the Space

Telescope Science Institute will be in place by the

time the Space Telescope is launched. It is our

current plan to achieve operational readiness 90 days
prior to the June, 1986, launch readiness target.

QUESTION 6 :

What is the current runout cost estimate for the Space
Telescope operations budget? What was the original
estimate for operations? What factors contribute to

the increase?

ANSWER 6 :

The operations funding will continue indefinitely
based on the r e t r ie va 1 /r ef urb ishmen t capability
provided by the Space Shuttle; therefore, there is no

runout cost estimate for operations. However, the
runout assumed in the FY 1984 budget through FY 1988
is a total of approximately $241 million with a level
of approximately $40 million per year after launch of

the Space Telescope. This yearly operations level of

$40 million should be compared to a level of $15 to

$20 million per year assumed when the Space Telescope
operations funding level was initially estimated. The
increased level of yearly operations funding is the
result of better definition of the Space Telescope
system, definition of the required level of personnel
to support operations and data analysis.

QUESTION 7 ;

How would you assess the reaction of the scientific
user community to the Space Telescope schedule slips?

ANSWER 7 ;

The scientific community is understandably concerned
that their opportunities to make use of the Space
Telescope research capabilities have been delayed.
The overriding objective of the science community is

to maintain high performance requirements.

QUESTION 8 :

What is the biggest challenge which lies ahead for
Goddard activities?

ANSWER 8 ;

The flight instrument program at Goddard has just
begun a series of test which will integrate the five
instruments with the command and data handling
equipment to be used in the Space Telescope. This
testing will be accomplished after each instrument
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completes its environmental
insure that the instruments,

test
as a

pr ogr am
sy s t em

,

and will
will notinsure cnac cne instruments, as a system, wiii not

interfere with each other when operated in the Space
Telescope observatory. The flight software will also
be verified as part of this process.

Another major challenge is to develop the entire
ground system which will be used to operate the Space
Telescope and to support the user-observers through
the generation of science-output products for analysis
and archiving.

QUESTION 9 :

In your statement, you noted that a March design
review pointed out some weaknesses in the automated
science planning and scheduling approach. Could you
please elaborate on these weaknesses?

ANSWER 9 ;

The major weakness identified was concern that the
science planning and scheduling system would be too
automated because of lack of capability for scientists
to interact when they needed; for example, to
accommodate observation of a newly discovered target.
Another weakness which was identified was the man-
machine interface required to control the science
planning and scheduling system. Both of the
deficiencies are being corrected through design
mod if icat ion

.

QUESTION 10 ;

If you could do it all again, would you have as many
cooks in the kitchen; that is would there be as many
contractors and centers involved?

ANSWER 10:

The question is an excellent one, which has been the
subject of much discussion and debate within NASA.
The question embodies several supports, including
multiple NASA field centers as well as multiple
contractors (i.e., no single "prime contractor").

I would like to address the "multiple center part"
first. As you know, MSEC and GSFC are both deeply
involved with the development of the Space Telescope.
The MSEC has overall project management
responsibilities, as well as direct management
responsibility for the Optical Telescope Assembly, the
support systems module, and system engineering. The
GSFC has direct responsibility for the development of

the scientific instruments, the development of the
total ground system, and, after launch, the operation
of the Space Telescope observatory.
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My belief is that this is an appropriate arrangement
in view of the large scale of the Space Telescope
undertaking and does in fact capitalize on the

respective skills and capabilities of the two centers.
While this arrangement has caused some problems at the

working level, which are largely due to differences of

approach and professional pride, these problems have
largely been overcome; a solid cooperative attitude
from both sides has developed and this mu 1 t ip 1

e -c en t er

involvement has not precipitated (nor fostered) the
problems that have led to the present state of the
Space Telescope. Consequently, I would not, "in doing
it again," reject the approach of multiple-center
invo Ivement .

Regarding the question of multiple contractors, my
belief is that the sheer immensity of the Space
Telescope, combined with the diverse range of

components (e.g., telescope, five sophisticated
instruments, Shuttle-sized spacecraft, ground system,
etc.), make it impractical to implement at or by any
single industrial firm. The skills and capability to

produce the world's finest optics differ substantially
from that requested to produce a high resolution
spectrograph, both of which differ from those needed
to produce the 44-foot-long structure (SSM)
accommodating the 25,000 pounds of equipment. So, it

is necessary, I believe, to have different elements
produced by different corporations.

There are some areas where improvements might have
been possible, had different approaches been taken
which, in some cases, would have required different
circumstances to have prevailed at the time those
approaches had been taken. For example, I believe
that a good case for the selection of a single prime
contractor could be made. It would have si
the Government - indus try interface

mp 1 if ied
wou Id havethe Government - indus try interface and would have

focused overall responsibility and accountability in

one place. However, one would have to assume that the
prime contractor would (because of scale and skills)
be forced to subcontract out major portions of the
effort. This would lead to additional interfaces
albeit indus try-to- indus try ; but more importantly,
because of contractual arrangements, would have made
NASA's oversight and penetration at the subcontractor
level very difficult. Hence, it is not clear that a

"prime" approach would have avoided many of the
present difficulties.

QUESTION 11

andHave there been many changes made in the criteria »...

requirements for the software being developed by TRW?
If so, what has been the impact of these changes?
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ANSWER 11

The original science operations ground system (SOGS)
proposal submitted by TRW provided a basic capability.

supported the

High level command language (user interface to
the s ys t em)

;

- Image display and analysis capability; and

- Increased processing and display of instrument
housekeeping data.

QUESTION 12 ;

What mechanisms do you use to monitor any changes in
requirements and the effect on costs?

ANSWER 12:

The
te

e instrument systems manager holds the assigned
__chnical officer for each of the instrument contracts
responsible for the complete coordination of the cost,
schedule, and technical performance between the
project and the contractor for each instrument. The
instrument systems manager, in turn, reports to the
experiment systems office manager who insures that all
changes in requirements are properly coordinated among
the various project functions. As a tool in

monitoring changes in requirements, cost, and
schedule, there is a formal Configuration Control
Board (CCB) which operates under formal written
procedures for insuring complete coordination
the various project entities. All
by the CCB
ac t ion by the
scientific instruments,
office manager.

among
input is considered

prior to approval or disapproval of any
"

'" chairman who, in the case of the
is the experiment systems
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Mr. VoLKMER. Thank you very much. Dr. Hinners.

I have a few questions I would like to talk to you about. One I

guess is we can start right about where you ended.

As I understand it, the actual operation of the space telescope,

the signals to operate it, will come from Goddard, correct, not from

the institute?

Dr. Hinners. That is correct.

Mr. VoLKMER. The institute is just there to obtain the informa-

tion back?
Dr. Hinners. The institute actually does develop the observing

programs.
Mr. VoLKMER. But the signals to the telescope will go through

Goddard
Dr. Hinners. The signals will go from Goddard through the

TDRSS, right. The institute does develop the programs and observ-

ing and instrument commands that then come through us to be

transmitted up to the telescope.

Mr. Volkmer. In the instruments, which you have gone over, I

believe in your testimony you set out the principal investigator and
who is doing it. Could you also provide for the record the 1980 base-

line cost estimate at completion and when it was done, the current

cost estimate at completion, and the original and current date of

delivery?

Dr. Hinners. We can supply that for the record.

Mr. Volkmer. Also, if there have been cost increases, what
caused those cost increases.

[The information follows:]

We have interpreted the intent of this request to be to show the growth in costs

since the 1980 rephasing of the ST Project (to a launch date in early 1985). The final

cost plan for that rephasing was formally prepared and submitted in April 1981,

and that plan is included on the attached material as the "before." The current

costs shown represent our current estimates though they have not yet been scruti-

nized with NASA; so necessarily must be considered to be tentative at the moment.
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Mr. VoLKMER. I have some questions here that I had for Dr.

Lucas. I believe it was on the faint object spectrograph. I beHeve
you did talk about replacing the

Dr. HiNNERS. Yes, we are changing the detector on that.

Mr. VoLKMER. Why are the two that we are going to replace
them with, the spares, going to do any better than the two that are
in there now?

Dr. HiNNERS. We understand the reason for the degradation. The
degradation had nothing to do on that red detector with the tube
itself. It was related to a power supply which, in testing the instru-

ment, was supposed to be at zero when the automated system was
checking it out. It turns out the power supply to the tube was not
at zero but that there was a voltage on that tube. It was exposed to

light during the testing, and that is what did the tube in. That was
a procedural error in the development testing.

Mr. VoLKMER. In other words, it was an occurrence within the
tests that caused the degradation?

Dr. HiNNERS. That is correct. There was nothing wrong with the

tube itself. That is in contrast to the high-resolution spectrograph,

where there was a basic problem in the tube itself and we now
know what will fix the tube.

Mr. VoLKMER. You have to make a new tube there.

Dr. HiNNERS. A new coating for that tube, right, which has been
tested and works.
Mr. VoLKMER. On reprograming, what is the impact on the sci-

ence institute and ground management systems of the current

plans to reprogram funds from these activities to development?
Dr. HiNNERS. Some of the funding being reprogramed from oper-

ations, I believe, will have little impact on the operations per se be-

cause with the stretchout of development much of the operations

indeed will not occur until after, of course, you launch. So, there is

some give and take there that is no immediate problem.
The most immediate problem I see is indeed on the science oper-

ations ground systems software, which I talked about before. We
are working that with Marshall and looking at the whole thing be-

cause they share our concern, as does headquarters, I think it is

just a matter of analyzing it to be sure we understand what risks

we are taking and what the real situation is.

Mr. VoLKMER. I am sure you want to make sure and we want to

make sure that the ground system and the Science Institute will be

in place when the space telescope is launched.

Dr. HiNNERS. Absolutely. We have been burned too often in the

past by late ground software.

Mr. VoLKMER. What is the current runout cost estimate for the

space telescope operations budget?
Dr. HiNNERS. This sounds like a Proxmire question because if it

all works, we will work this thing for decades. I wouldn't want to

inflate that, but the runout of our fiscal year 1984 budget assumed

a level through 1988 of approximately.

Mr. VoLKMER. Annually or total?

Dr. HiNNERS. Total, all years through 1989.

Mr. VoLKMER. That will be for total operations?
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Dr. HiNNERS. Right, through 1989; however, I hope that we will

get many decades of operation of the space telescope, so we don't

have a defined runout of funding.

Mr. VoLKMER. That is approximately 3 years of actual use, then?

Dr. HiNNERS. That is correct.

Mr. VoLKMER. But we are anticipating that we will use it for

longer than that?

Dr. HiNNERS. Absolutely, hopefully decades.

Mr. VoLKMER. Will you say it is going to cost us $25 million a

year for operations?

Dr. HiNNERS. Our current assessment is approximately $40 mil-

lion per year in the outyears for all operations activities.

Mr. VoLKMER. Does that include the institute?

Dr. HiNNERS. Yes, that includes the institute.

Mr. VoLKMER. What is your biggest challenge that you see in the

development of the space telescope for Goddard activities?

Dr. HiNNERS. For Goddard there are two challenges. One is suc-

cessfully completing the testing that is now going on and will go on

through next summer with the instruments. We are just getting to

the point where the instruments will show us what their problems

are, if they have any. We have started to pick up the detector prob-

lems, so this is the period which one finds that kind of problem.

We are prepared to cope with some number of those, as we do in

any standard development. The other has to come down to getting

a total ground system playing together as one unit. We are giving a

lot of extra attention to that.

Mr. VoLKMER. In your statement you note that a March design

review pointed out some weaknesses in the automated science plan-

ning and scheduling approach.

Dr. HiNNERS. That is correct.

Mr. VoLKMER. Can you elaborate on that a little bit?

Dr. HiNNERS. That is part of what has been called the SOGS,
which you are familiar with. At that review there were weaknesses

pointed out in the development of the ground software. As an ex-

ample, that system, as currently designed, is highly automated to

do scheduling. If you get a sudden target such as recently hap-

pened, where a comet came in, and you wanted to look at some-

thing, it turned out
Mr. VoLKMER. That you hadn't anticipated.

Dr. HiNNERS. Right. It would have been very difficult to get into

the system to do, let me call it, manual targeting. So, the system is

being redesigned to give it more flexibility. In a sense, it was over-

automated. That is an example of the kind of problem that comes

up.

Our concern over the science operations ground system is suffi-

cient that we did set up last month, in May, a special team under

John Roeder at Goddard, including Institute people, to take a de-

tailed technical look at the SOGS. They should be reporting back to

me later this week or early next week on their findings.

Mr. VoLKMER. I have no further questions. Thank you very

much. Dr. Hinners. We appreciate your letting Dr. Giacconi go

ahead.
Dr. HiNNERS. You are quite welcome. Thank you for the opportu-

nity.
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Mr. VoLKMER. The subcommittee will adjourn until Thursday at
2 for a continuation of the hearings.
[Whereupon, at 4:50 p.m., the subcommittee adjourned, to recon-

vene at 2 p.m., Thursday, June 16, 1983.]





SPACE TELESCOPE COST, SCHEDULE AND
PERFORMANCE

THURSDAY, JUNE 16, 1983

House of Representatives,
Committee on Science and Technology,

Subcommittee on Space Science and Applications,
Washington, D.C.

The subcommittee met, pursuant to notice, at 2:12 p.m., in room
2325, Rayburn House Office Building, Hon. Harold L. Volkmer
(chairman of the subcommittee) presiding.

Mr. Volkmer. The subcommittee will come to order.

Today the Subcommittee on Space Science and Applications is

continuing our oversight review of the cost, schedule, and perform-
ance status of the space telescope program. We have previously

heard testimony from the NASA cognizant field centers and the

space telescope science institute.

This afternoon we will receive testimony from the space tele-

scope associate contractors and from NASA headquarters.

Our first witnesses will be Robert Powell, vice president and gen-

eral manager of the space systems division of Lockheed Missile and
Space Co., accompanied by William F. Wright, vice president,

NASA programs.
Our second witness will be Gaynor N. Kelley, executive vice

president of Perkin Elmer Corp., accompanied by John D. Rehn-
berg, vice president and general manager of space sciences division.

Our final witness will be Hon. James Beggs, Administrator, Na-
tional Aeronautics and Space Administration.

We will start with Mr. Powell. We have received a copy of your
statement, as well as Mr. Wright's. Those will be made a part of

the record. You may proceed by reviewing the statement in total or

you may summarize, what you see fit.

STATEMENT OF ROBERT POWELL, VICE PRESIDENT AND GENER-
AL MANAGER, SPACE SYSTEMS DIVISION, LOCKHEED MISSILE
AND SPACE CO., ACCOMPANIED BY WILLIAM F. WRIGHT, VICE
PRESIDENT, NASA PROGRAMS, LOCKHEED MISSILE AND SPACE
CO., AND BERT BULKIN, SPACE TELESCOPE PROGRAM MAN-
AGER
Mr. Powell. Mr. Chairman and members of the subcommittee, it

gives me a great deal of pleasure to be here before you this after-

noon to brief you on our progress to date on the space telescope

program.

(117)
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The project has now reached a significant phase wherein the

detail design for all of the elements of the program have been es-

sentially completed, interfaces have been established, development
testing is essentially complete, and we now enter into the manufac-
turing test and verification phase.

In addition, detail requirements have been reflected in all of the

associate contractor's space telescope hardware specifications and
are the basis for present hardware fabrication and acceptance test-

ing.

One-third of the support systems module equipments have been
completely fabricated, qualified, and acceptance tested; the other
two-thirds are in the final fabrication and test phase and will sup-

port the start of the SSM testing by the middle of next year. In

addition, significant improvements have been made in the fiight

gyros and reaction wheels which will insure meeting the space tele-

scope critical pointing performance and image stability require-

ments. We expect to deliver our hardware and software on sched-

ule and be ready for integrating the optical telescope assembly and
the scientific instruments when they are shipped to us. Our new
integration and test facility became ready for use this past Janu-
ary.

Today we will briefly summarize for you the cost, schedule and
performance aspects relative to the Lockheed Missile and Space
Co.'s development activities for the space telescope program.
Accompanying me today is Bill Wright, vice president, NASA

programs at Lockheed Missile and Space Co., who will present to

you an overview of our progress, accomplishments, and challenges,
together with our future plans. In addition, Bert Bulkin, space tele-

scope program manager, will accompany Bill during the question
and answer period following our formal statement.
Thank you, sir.

Mr. VoLKMER. Thank you.
You may proceed, Mr. Wright.
Mr. Wright. Mr. Chairman and members of the committee, I am

delighted to be here again to discuss with you the overall status of
our part in this very important and vital program. My statement
today will highlight and summarize briefly the highlights of our ac-

complishments, especially the previous year; current technical and
schedule status; technical problems that have developed and their

resolution; and a description and status of our very important new
facility. I will also mention some of our major challenges and risks

as we see them. In addition, I will conclude with a review of our
management realignments that we have incorporated and an over-
view of our funding picture.

The first chart, on your left, shows an artist's conception of the
space telescope. It truly is an international astronomical observa-
tory consisting of a 2.4-meter optical telescope which will be placed
in a nominal 320 nautical mile orbit and will be launched by the
space shuttle in 1986. It weighs approximately 12 tons. It is 14 feet

in diameter and 43 feet long. It is the first shuttle payload which is

designed with the shuttle in mind; that is, the shuttle crew will

conduct the initial deployment, perform contingency and routine
maintenance, and participate in retrieval and return to earth.
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The next chart illustrates the total ST system encompassing
what we consider all the major elements of the system. There are
five major elements; namely, the ST observatory, which is the
space telescope itself; the space shuttle; the tracking and data relay
satellites; the Operations Control Center at Goddard; and, of

course, the Science Institute, at which I had the privilege of attend-
ing yesterday's dedication.

The ST observatory has three major modules; namely, the optical

telescope assembly, the scientific instruments, and the support sys-

tems module.
Our responsibility as part of this overall program includes four

basic areas; namely, the ST systems engineering support and which
I will discuss in more detail later; insuring system capability

among all the ST system elements; the design and development of

the support systems module, which includes incorporating the Eu-
ropean-supplied solar arrays. In addition, we will perform the ST
integration, including the assembly, test and verification at Sunny-
vale in our new facility complex, and finally, an important function

in supporting the mission operations.

The next chart illustrates the overall schedule plan now being
utilized by LMSC. It shows the key delivery dates of all the asso-

ciate contractor hardware to Lockheed for subsequent functional

and environmental testing of the entire ST observatory. Lockheed
is tracking on schedule to this plan, and we are confident that the

subsequent milestones can be met for the downstream hardware
fabrication and assembly/ test activities for both the support system
module as well as the space telescope.

The key dates in our downstream planning for delivery of asso-

ciate contractor hardware to Lockheed in preparation for assembly
and testing the entire space telescope are shown on the chart: the

European-supplied solar array in mid-1984, the scientific instru-

ments and the optical telescope assembly in July and November
1984, respectively, leading to the start of the space telescope testing

in the first quarter of 1985; a shipment to the Kennedy Space
Center in February 1986 and launching in June of 1986. Key to

this new plan that has been incorporated is the additional develop-

ment tests, the support systems module equipment section integra-

tion with scientific instruments prior to the arrival of the optical

telescope assembly, and an expanded space telescope assembly and
verification program.
Another key milestone in this new plan is we have added to the

program a detailed hardware/software integration program which

has already started. This program sequentially incorporates por-

tions of our data management subsystem, the pointing control sub-

system, and the flight software. This program will afford early visi-

bility into the compatibility of these critical elements. This facility

will remain active through April or May of 1984. The next chart

shows the initial setup utilizing the flight model DF-224 Rockwell

Digital Computer and all the peripherals.

Of particular significance in this next chart is the summary of

the accomplishments over the past year. Improved gyro perforni-

ance has been realized based upon our test results at Holloman Air

Force Base in New Mexico. That indicated to us that the shroud

which has been incorporated to reduce the noise contribution
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within the pointing and control system results in a much quieter

gyro, thereby contributing significantly to the attainment of the

stringent pointing and control requirements. Tests on two engi-

neering gyros and flight gyros substantiate and verify that the per-

formance, exceeds the power spectral density specifications by five

times, thereby reducing the average noise by more than a factor of

two.

In addition, the reaction wheels, which provide the ST maneuver-

ing and pointing capability, have been retrofitted to improve the

induced vibration characteristics by a factor of three, thereby im-

proving pointing and control performance. This improvement was

made possible by incorporating low noise bearings and a stiffened

mounting structure, which gave us the specified characteristics de-

sired.

Major milestones during this period have been the completion

and delivery of the Perkin-Elmer equipment section, which houses

much of the Perkin-Elmer electronic equipment, and the comple-

tion of the primary structures for the support systems module light

shield, forward shell, and equipment section. The aft shroud will be

completed on July 8, and is on schedule.

Significant subcontract flight hardware was delivered during this

period. In addition, over 26 individual items of interface equipment

have been delivered to our associate contractors.

The support systems module major equipment hardware is

shown on the following chart. This chart illustrates the location of

the hardware within the SSM equipment section which contains

most of the electronics and control hardware. The SSM is divided

into four major sections; namely, the light shield which provides

stray light protection for the optical telescope assembly and the

forward shell which is light-tight and supports the solar array,

high gain antenna mounting, and carries the trunnion fittings

which interface with the shuttle orbiter.

The equipment section, which, is highlighted on this chart high-

lighted, has most of the data management equipment, electrical

power, pointing control equipment and instrumentation and com-

munication electronics.

The fixed head star trackers and rate gyro assembly are mount-

ed on the focal plane to assure overall accuracy.

The light-tight aft shroud, which has access doors for orbital re-

placement capability for the scientific instruments, also provides

the thermal protection for the scientific instruments and thermal

stability. It also provides the structural fittings for erecting the ST
while in the orbiter bay.

Subcontract flight equipments already delivered are the comput-

ers, rotary drives, fixed head star trackers, the first SSA transmit-

ter, tape recorder, retrieval gryo assembly, oscillator, and other

miscellaneous equipment. Out of the total complement of 98 indi-

vidual equipments in the support systems module, approximately

one-third or 33 have been completed and are in storage awaiting

installation into the support systems module. The remainder are in

the final fabrication and test phase. All hardware fabrication and

test activites will support the start of our SSM equipment section

testing in mid-1984.



121

The next chart shows the completed optical telescope assembly
equipment section, which I referred to earlier, on its dolly as it was
delivered to Perkin-Elmer in September of last year.

The following chart shows the equipment section mockup which
has been used in providing a basis for installing our flight electron-

ic cable installations. The fabrication of flight wire harnesses in

this mockup provides a low cost alternate to extensive documenta-
tion or, as an alternate, extremely expensive three-dimensional
form boards that would be required in the fabrication of these very
large harnesses, which approximate 20,000 wires. This activity has
commenced and is on schedule, and we hope to complete by July
1983, at which time the wire harnesses will be transferred and in-

stalled into the flight equipment section.

The next chart shows the 14-foot-diameter flight SSM equipment
section with a portion of the bay doors installed. This 5-foot struc-

ture was completed on schedule with zero defects. The total weight
of the total equipment section is approximately 6,000 pounds.
The next chart shows the fabrication completion of the light

shield primary structure.

The next chart shows the light shield, which is also 10 feet in

diameter and 13 feet in length and weighs about 500 pounds.
The next chart is the aft shroud, which is 14 feet in diameter, 12

feet long, and weighs approximately 1,350 pounds.
The next chart shows the automated test software computer fa-

cility located in this new vertical assembly and test facility that

has just been in operation in Sunnyvale for the past 2 months. Uti-

lization of this facility continues the Lockheed experience of mini-

mizing system test costs by providing the capabilities to prevalidate

all our test procedures, via simulation, before actual hardware test-

ing commences. This central computer consists of two Digital

Equipment Corp. computers with standard peripherals.

This facility will be used for SSM flight software development
and verification, test software development, and engineering data

base development.
The following chart is a new building that I referred to earlier. It

is constructed and funded by Lockheed, which will serve as an SSM
and ST final assembly and test facility at our Sunnyvale, Calif.,

complex. This facility has been completed and activated and is ad-

jacent to our existing environmental test facilities. This new facili-

ty consists not only of one of the world's largest laminar flow

cleanrooms for spacecraft integration, but also the necessary sup-

port facilities to house support equipment and people for all of the

people both here and in Europe that will be supporting the ST test-

ing.

The cleanroom is 50 feet wide, 120 feet long, and 85 feet high,

capable of meeting class A 10,000 requirements using a horizontal

laminar flow system. A 20-ton radio-controlled bridge crane with a

76-foot hook height will service this cleanroom.

The contiguous support facility contains 47,000 square feet of

desk and board space and sufficient space for the automated test

software equipment that I referred to earlier. The new cleanroom

opens within the same building housing the spacecraft vertical

acoustic test chamber and the horizontal thermal vacuum test

chamber.
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This next chart shows a view of the faciUty from the second floor

observation window when the facihty was certified for 10,000 class

cleanroom, and the following shows the construction of the vertical

integration stand which will support the ST assembly and verifica-

tion program by placing the ST in a vertical stacking position for

testing and replacement of hardware, if necessary.

During the past year we have encountered some problems, espe-

cially at the beginning of the fiscal year, in the area of structural

tooling and subassembly fabrication and also replacement of the

S311 wire in the equipment section.

In addition, our data management unit, which is a part of our

data management system, and our digital interface unit experi-

enced some difficulties in the transposition from the engineering

models to the flight units. The tooling effort was higher than an-

ticipated because of the extremely close tolerance of 5,000th of an

inch required, on these large structures.

Structural subassemblies followed the same problem because of

these close tolerances. These problems, I am happy to say, are

behind us now, and the major structures have completed, as shown
in the previous charts. They are ahead of schedule in with zero de-

fects.

The S3 11 wire, which you saw in a previous chart, originally was
installed in the mockup as flight harnesses and had to be replaced

because of the flaking of the blue tracer on the wire which have

caused contamination. This wire definitely had to be removed, new
harnesses made, and then reinstalled in the mockup. This was also

accomplished, and we have established workarounds to factor this

late delivery in our current plan.

During this same time period we consciously put into the pro-

gram a preproduction model of our data management unit. The
complexity of this electronic box warranted this action. It serves as

the heart of the entire ST vehicle since it interfaces with all func-

tional equipment, including the digital computers, and contains

over 60 printed wiring assembly boards containing over 6,000 elec-

tronic piece parts, and they in turn are connected by a matrix

board containing 7,000 wires. The preproduction unit will serve to

maintain the key milestones stated previously at the start of our

hardware/software integration activity and will allow us to check

out the automated test stations together with the software.

Measures have been taken to reduce the flight software memory
utilized in the flight computer to assure a 20-percent reserve avail-

able at launch to handle unexpected contingencies. This is being

aggressively pursued to avoid changes to our data management
unit to handle additional memory.

I feel these problems are behind us now and that we are tracking

to our schedule plan.

In terms of the future challenges and schedule risks, our near

term challenge deals with the start of our hardware/software inte-

gration activity. This is the first time we will have physically and

functionally integrated flight hardware, test hardware, and flight

software. These hardware items include our flight Rockwell digital

computer, the data interface and data management units, and sim-

ulating our pointing and control system, together with the ground

computer. Our technical challenge in this regard is the physical
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compatibility of these hardware, their functional compatibility, and
the ability of the flight software to execute its instructions, because
our experience in other programs has shown that in many cases

software is a very critical and time-consuming activity, and often-

times can pace the whole program. Therefore, we place a great deal

of emphasis on this activity.

The second area of challenge will be the successful deployment of

the high gain antenna pointing system that can support the com-
munication link requirements without inducing unacceptable vehi-

cle disturbances, thereby adversely affecting vehicle pointing stabil-

ity. This will require a system with the correct balance of antenna
stability, pointing accuracy, and reactive torques. Testing is under-

way to define the explicit requirements for optimum performance
which hopefully, can be accomplished with very few changes that

would affect our cost.

The third major challenge is to assure that an accurate data base

is established for all project elements and procedural inputs are

timely to support this very important, forthcoming scientific instru-

ment support systems module integration and the start of ST as-

sembly and verification.

The fourth challenge, as we see it, that has an effect on cost and
schedule is the availability of spares. NASA is taking the corrective

action with us to order additional spares. However, because of the

timing of that aspect, we will only have the spares in time for the

ST assembly and verification time period. For the SSM testing

even though we will have spare cards for electronics, we feel that

the spares are deficient. However, this is compensated to a certain

extent by the increased test time that has been added to the pro-

gram not only for the SSM, but for the ST.

It still remains, however, that the major scheduling cost risk still

lies in the ST assembly and verification phase, when all the ele-

ments of the program, both hardware and software, come together,

including the mission operations ground system.

In recognition of the stated need for added emphasis and greater

depth in the systems engineering, we at Lockheed have established

a new and separate organization. This organization reports directly

to me and will work in direct support of NASA Marshall Space

Flight Center, which has taken a similar step in their structure. It

is headed by Tom Harvey, who was previously Deputy Program
Manager of the Support Systems Module activity and is now Direc-

tor of space telescope Systems Engineering.

We have increased the staff from 25 to 70 people and will further

increase to approximately like 100 by the end of this fiscal year.

The objective of this organization is to provide indepth penetration

of all the modules' technical status and to integrate them into the

system which accomplishes the science objectives. With primary

emphasis on the forthcoming ST test and verification phase, they

will maintain and update technical and test requirements, assure

proper verification and compliance with them, audit electronics

and hardware interface designs, as well as integrating the very

critical pointing control and fine guidance system into an accurate,

stable, and operational system.

Our cumulative costs expended through May are withm $1 mil-

lion of our plan. While we are slightly in an overrun position, we
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are confident that we will meet our funding guideline which we

have signed up for with Marshall for the remainder of this fiscal

We are presently assessing the compatibility of the funding plan,

the added scope that has been incorporated to reduce downstream

risk, together with the schedule plan that I have previously shown.

We expect to finalize this review with Marshall within the next 2

months.
To summarize, gentlemen, we are tracking to our new plan

within our projected costs and we are performing well. We are

looking forward to the next phase of the program in completing

fabrication of flight hardware, assembling the SSM and conducting

the all-up ST environmental testing in Sunnyvale, leading to a

fully tested ST to be delivered to Kennedy, and hopefully launched

in June 1986.

That concludes my prepared remarks, Mr. Chairman. I am avail-

able for questions.

[The prepared statements, plus answers to questions asked of

Robert Powell and William F. Wright follow:]
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STATEMENT OF
MR. ROBERT M. POWELL

VICE PRESIDENT AND ASST. GENERAL MANAGER
SPACE SYSTEMS DIVISION

BEFORE THE

SUBCOMMITTEE ON SPACE SCIENCE AND APPLICATIONS

of the

COMMITTEE ON SCIENCE AND TECHNOLOGY
U. S. HOUSE OF REPRESENTATIVES

Gentlemen, it gives me a great deal of pleasure to be here before your

committee to brief you on our progress to date on the Space Telescope

Program.

The project has now reached a significant phase wherein the detailed

design for all the elements of the program have been essentially completed,

interfaces have been established, development testing is essentially complete,

and we now enter into the manufacturing, test and verification phase. In

addition, detailed requirements have been reflected in all of the associate

contractor's Space Telescope hardware specifications and are the basis

for present hardware fabrication and acceptance testing.

One-third of the Support Systems Module (SSM) equipments have been

completely fabricated, qualified, and acceptance tested; the other

two-thirds are in the final fabrication and test phase and will support the

start of the SSM testing by the middle of next year. In addition, significant

improvements have been made in the Flight Gyros and Reaction Wheels

which will insure meeting the Space Telescope critical pointing performance

and image stability requirements. We expect to deliver our hardware and

software on schedule and be ready for integrating the Optical Telescope

Assembly and the Scientific Instruments when they are shipped to us.

We are very proud to be part of the Government/ Industry Space Telescope

team and certainly feel that the Space Telescope represents a major step in

-1-
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astronomy and will lead to a quantum jump in our fundamental understanding

of our universe and perhaps lead to a better understanding of the environment

in which we live. I expect that, despite the optimism thus far by the scientific

community, we have, in fact, underestimated the contribution that this program

will ultimately make to our knowledge of astronomy and astrophysics. Much

reniains to be done but when it is accomplished, I think we shall have a truly

magnificent scientific facility on orbit.

'Today we will briefly summarize for you the cost, schedule and performance

aspects relative to the Lockheed Missiles and Space Company's development

activities for the Space Telescope Program. Accompanying me today is

Bill Wright, Vice President, NASA Programs at Lockheed Missiles and

Space Company, who will present to you an overview of our progress,

accomplishments, and challenges, together with our future plans. In

addition, Bert Bulkin, Space Telescope Program Manager, will accompany

Bill during the question and answer period following our fornnal statement.

-2-
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STATEMENT OF
MR. WILLIAM F. WRIGHT

VICE PRESIDENT, NASA PROGRAMS
LOCKHEED MISSILES & SPACE CO. , INC.

BEFORE THE
SUBCOMMITTEE ON SPACE SCIENCE AND APPLICATIONS

of the

COMMITTEE ON SCIENCE AND TECHNOLOGY
U. S. HOUSE OF REPRESENTATIVES

Gentlemen, I am delighted to be here again to discuss with you the overall

status of the Space Telescope Program. My statement today will cover the

following: Highlights of our accomplishments to date; current technical and

schedule status; technical problems that have developed and their resolution;

a description and status of our new facility; and our nnajor challenges together

with our assessment of future technical and schedule risks. In addition, I will

conclude with a review of our management realignments and an overview of

our cost and funding plan.

Figure 1 is an artist's conception of the Space Telescope (ST) as it would appear

in orbit. The Space Telescope is an International Astronomical Observatory

consisting of a 2. 4 meter optical telescope which will be placed in a nominal

320 nautical mile orbit by the Space Shuttle in 1986. It weighs approximately

24, 000 pounds; it is 14 feet in diameter and 43 feet long. This will be the

first payload for the Shuttle which will have been designed with the Shuttle

in mind whereby the Shuttle crew will conduct the initial deployment, perform

contingency and routine maintenance, and participate in retrieval and return

to earth.

Figure 2 illustrates the total ST system encompassing all the major elements

of that system. There are five major elements, namely, the ST Observatory,

the Space Shuttle, the Tracking and Data Relay Satellites (TDRSS), the ST

Operations Control Center, and the Science Institute. The ST Observatory

has three major modules, namely the Optical Telescope Assembly (OTA),

the Scientific Instruments (SI), and the Support Systems Module (SSM).

-1-
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Lockheed's responsibility as a part of the overall ST project includes

four basic areas, namely ST Systenns Engineering Support which insures

system compatibility among all the ST system elements; the Design and

Development of the Support Systems Module, which includes integrating the

European- supplied Solar Arrays; ST integration including the assembly, test

and verification of the complete ST Observatory; and finally. Mission Opera-

tions Support which includes launch preparation, checkout, orbital verification,

and on-going mission operations.

Technical and Schedule Status

Figure 3 illustrates the overall schedule plan currently being assessed by

LMSC. It shows the key delivery dates of all the associate contractor

hardware to Lockheed for subsequent functional and environmental testing

of the entire ST Observatory. Lockheed is tracking on schedule to this plan,

and we are confident that the subsequent milestones can be met for the down-

stream hardware fabrication and assembly/ test activities for both the SSM and

the ST. The key dates in our downstream planning for delivery of associate

contractor hardware to Lockheed in preparation for assembly and testing of

the entire Space Telescope are as follows: the European- supplied Solar Array

in mid- 1984, the Scientific Instruments and the Optical Telescope Assembly in

July and November 1984 respectively. Other key dates are: initiation of SSM

assembly in December 1983, start SSM test and subsequent SSM/SI test in the

second half of 1984, initiate ST assembly in December 1984, and start ST

testing in the first quarter of 1985. leading to the shipment of ST to Kennedy

Space Center in February 1986 in preparation for launch in June 1986. Key to

this plan is the incorporation of additional development tests, SSM Equipment

Section Integration with Scientific Instruments prior to the arrival of the OTA,

and an expanded ST Assembly and Verification program.

Another key schedule milestone that has been added to the Program is the

initiation of our Hardware/Software integration prograna which started

1 June 1983. This program sequentially incorporates portions of the Data

Management Subsystem, the Pointing Control Subsystem, and the Flight

Software. This program will afford early visibility into the compatibility

of these critical elements ahead of the initiation of Support Systems Module

Equipment Section tests.

-4-
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This facility will remain active from 1 June 1983 through April 1984.

Figure 4 shows initial setup utilizing the Engineering Model DF-224

computer and its peripherals.

Figure 5 lists the major schedule accomplishments of the past year.

Of particular significance was the validation of the improved gyro

performance at HoUoman Air Force Base, New Mexico. An improved

Gyro has been developed utilizing a shroud to reduce the noise contribution

within the Pointing and Control System resulting in a much quieter gyro and

thereby contributing significantly to the attainment of the stringent Pointing

and Control requirements. Tests on two engineering gyros and flight gyros

substantiate the fact that gyro performance noise power spectral density is

five times better than specified values. This reduces the average noise by

more than a factor of 2.

In addition, the Reaction Wheels, which provide the ST maneuvering and

pointing capability have been retrofitted to improve the induced vibration

characteristics by a factor of 3, thereby improving pointing and control

performance. This performance improvement was made possible by

incorporating low noise bearings as well as a stiffened mounting structure.

In addition, a more perceptive bearing test capability was developed permit-

ting optimal bearing selection to obtain specific characteristics for minimum

overall system vibration.

Major milestones during this period have been the completion and delivery

of the Perkin-Elmer Equipment Section and the completion of the primary

structures for the SSM Light Shield, Forward Shell and Equipment Section.

The Aft Shroud completion is scheduled for 8 July 1983 and is on schedule.

We incorporated a Data Management preproduction unit to assure its use

in test equipment checkout as well as supporting the Hardware /Software

integration activity ahead of the complete assembly and qualification of the

flight unit and to allow early compatibility tests with the other major sub-

system elements. Significant subcontract flight hardware was delivered

during this period. In addition, over 26 individual items of interface

-6-



133

-7-



134

UJ ^

UJ



135

equipment have been delivered to the SI contractors, Perkin-Elmer, IBM

and British Aerospace to aid and assist their build and test activities for

equipment which interfaces with the Support Systems Module.

The Support Systems Module (SSM) major equipment hardware is shown

in Figure 6 illustrating the location of hardware within the SSM equipment

section which contains most of the electronics and control hardware. The

SSM is divided into four major sections; namely, the Light Shield which

provides stray light protection for the OTA and the Forward Shell which is

also light-tight and supports the solar array, high gain antenna mounting,

and carries the trunnion fittings which interface with the Shuttle Orbiter.

The Equipment Section houses most of the basic data management equipment,

electrical power control equipment, certain pointing control equipment and

instrumentation and communication electronics which are shown in the figure.

The Fixed Head Star Trackers and Rate Gyro Assembly, critical components

of the pointing and control system, are mounted on the Focal Plane to assure

overall accuracy, and are also shown. The light-tight Aft Shroud, with its

access doors for SI orbital replacement capability, also provides the thermal

protection for the scientific instruments and provides thermal stability and

isolation with the OTA. It also provides the structural fittings for erecting

the ST while in the Orbiter bay. All of these flight hardware equipments

have either been delivered or are in the final fabrication/qualification

acceptance testing phase.

Subcontract flight equipments already delivered are the Computers from

Rockwell International, Rotary Drives from Schaeffer Magnetics, the

Transponders from Motorola, flight complement of Fixed Head Star Trackers

from Ball Brothers, first SSA Transmitter from Cubic, first Tape Recorder

from Odetics, Retrieval Mode Gyro Assembly from Northrop, Oscillator from

Frequency Electronics, High Gain Antenna from General Electric, RF Circulator

Switches from Electromagnetic Sciences, Umbilical Actuators from Sperry, and

the RF Multiplexer Switches from. Frequency Sources. Out of the total comple-

ment of 98 individual equipm.ents in the SSM, 33 have been completed and are in

storage awaiting installation into the SSM and 63 are in the final fabrication and

test phase. All hardware fabrication and test activities will support the start

of SSM equipment section testing in mid- 1984.

-9-
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Figure 7 shows the completed OTA Equipment Section and its dolly as it

was delivered to Perkin-Elmer in September 1982.

Figure 8 shows the SSM Equipment Section mockup in more detail depicting

the equipment that will provide the basis for the electronic cable installations.

This approach was conceived by Lockheed; the fabrication of the flight wire

harnesses provides am extremely low cost alternate to extensive documenta-

tion or, as an alternate, extremely expensive three dimensional form boards

that would be required in the fabrication of these very large harnesses which

contain over 20, 000 wires. This activity has commenced and is on schedule

with estimated completion in July 1983 at which time the flight wire harnesses

will be transferred and installed into the Flight Equipment Section.

Figure 9 shows the Flight 14-foot diameter SSM Equipment Section with a

portion of the bay doors installed. The 5 -foot long primary structure was

completed on schedule with zero defects. The total weight of the equipment

section with equipment installed is 5, 900 pounds.

Figures 10, 11 and 12 show the manufacturing status of the Light Shield,

Forward Shell, and Aft Shroud. The Light Shield and Forward Shell are both

10 feet in diameter and 13 feet in length and weigh 500 pounds and 1, 000 pounds

respectively. The Aft Shroud is 14 feet in diameter, 12 feet long and weighs

1,3 50 pounds.

ST Vertical Assembly and Test Facility

Figure 13 is our Automated Test Software Computer facility located in the new

ST Vertical Assembly and Test Facility. Utilization of this facility continues

the Lockheed experience of minimizing system test costs (time) by providing

the capabilities to prevalidate all test procedures, via simulation, before actual

testing commences. Also derived from these simulations are predicted space-

craft responses to the test sequences, thus allowing all system parameters to

be m.onitored in real time to pre-established limits. The central computer

system, consists of two Digital Equipment Corporation computers with standard

peripherals which provide the pretest, real time and post-test processing. The

-11-



138

-12-



139

-13-



140

l"!-



141

..«i>Jt^x*- ,.

SSM LIGHT SHIELD
PRIMARY STRUCTURAL ASSEMBLY



142

-16-



143

-17-



144

-i&-



145

current uses of this facility are: for SSM flight software development and

verification, test software development, and engineering data base develop-

ment. The engineering data base is being delivered on an incrementaJ. basis

to Goddard for their operations ground system software development.

Shown in Figure 14 is a new building constructed and funded by Lockheed

which will serve as an SSM and ST final assembly and test facility at our

Sunnyvale, California complex. This facility has been activated and is

adjacent to our existing environmental test facilities. This new facility-

consists not only of one of the world's largest horizontal laminar flow

cleajirooms for spacecraft integration, but also the necessary support

facilities to house support equipment and people. The cleanroom (50 feet

wide, 120 feet long, and 85 feet high) will be capable of meeting Class

10, 000 requirements using a horizontal laminar flow system. A 20-ton

radio-controlled bridge crane with a 76 foot hook height will service the

6, 000 square foot cleanroom. The contiguous support facility contains

47, 000 square feet of desk and board and support operations space including

19, 000 square feet for the previously mentioned ST Automated Test Software

computer system consisting of two Digital Equipment Corporation VAX 11/780

computers aind the government supplied command data handling ground test

system consisting of a Digital Equipment Corporation 11/70 computer. The

new^ cleanroom opens within the same building housing the spacecraft Vertical

Acoustic Test Chamber and the Horizontal Thermal Vacuum Test Chamber.

Figure 15 shows a view of the facility from the second floor observation

window when the facility was certified 10, 000 class cleanroom and Figure 16

shows the construction of the Vertical Integration stcind which will support the

ST Assembly and Verification program.

Technical Problems

We encountered problems at the beginning of the fiscal year in the area of

structural tooling and sub-assembly fabrication and the replacement of S3 11

wire in the Equipment Section. The tooling effort was higher than anticipated

because of the extremely close tolerances (. 005 inch) required on these large

-19-
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structures. Structural sub-assemblies followed the same problem of

extremely close tolerance. These problems are behind us now and the

major structures have completed their assemblies ahead of schedule

and with zero defects.

The S3111 wire installed in the mockup as Flight Harnesses had to be

replaced because of flaking of the blue tracer on the wire which would

cause contamination in the cleanroom. This wire had to be removed,

form boards made, new harnesses made, and then reinstalled m the

mockup. This also has been accomplished and we have established

workarounds to factor this late delivery in our current plan.

During this same time period we consciously put into the program a

preproduction model of the Data Management Unit. The complexity of

this electronic box warrants this action. It serves as the "heart" of the

entire ST vehicle since it interfaces with all functional equipment including

the digital computers and contains over 60 printed wiring assembly boards

containing over 6, 000 electronic piece parts connected by a matrix board

containing 7, 000 wires. The preproduction unit will serve to maintain the

key milestones stated previously at the start of hardware/ software integra-

tion activity and will euLlow us to check out the automated test stations tog'ither

with the software that will be used for qualification testing of the flight unit.

Measures have been taken to reduce the flight software memory utilized

in the flight computer to assure a 20% reserve available at launch to handle

unexpected contingencies. This is being aggressively pursued to avoid

changes to the Data Management Unit to handle additional memory.

I feel these problems are behind us now and that we are tracking to the

schedule plan.

Challenges and Future Technical and Schedule Risks

Our near term challenge deals with the start of Hardware /Software integra-

tion activity. This is the first time we will have physically and functionally

• 23-
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integrated flight hardware, test hardware and flight software. These

hardware items include the DF-224 Digital Computer, Data Interface

Unit, Data Management Unit, Pointing and Control System Simulator

and the VAX 1178 ground system computer. Our technical challenge

in this regard is the physical compatibility of these hardware, their

functional compatibility and the ability of the Flight Software to execute

its instructions through all the above hardware elements.

The second area of challenge will be the successful development of a

High Gain Antenna pointing system that can support ST communication

link requirements without inducing unacceptable vehicle disturbances

thereby adversely ciffecting vehicle pointing stability. This will require

a system with the correct balance of antenna stability, pointing accuracy

and reactive torques. Testing is underway to define the explicit require-

ments for optimum performance and to determine existing design capabilities

together with changes that could be incorporated in a cost effective mauiner,

if necessary.

The third major challenge is to assure that an accurate Data Base is

established for all project elements and procedural inputs are timely to

support start of SI/SSM integration and the start of ST Assembly and

Verification.

The fourth and final challenge relates to cost and schedule risks for the

Program. With the start of SSM Equipment Section testing in mid- 1984,

our concern is with spares for the Program. Present program spares

are limited; however, spare cards for electronics for those electronic

boxes that are not completely spared are available and the increased

test time included in our new plan further reduces the risk. We have

initiated planning to increase the black box spares in critical areas but

the majority of these added spares will not be available until the ST

assembly and verification time period. The major schedule and cost

risk to the program still lies in the ST assembly and verification phase,

when all the elements of the program, both hardware and software, conne

together including the ST Mission Operations Ground System.

-24-
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Management Realignment

In recognition of the stated need for added emphasis and greater depth in

Systems Engineering, we have established a new and separate organization.

This organization reports directly to me and will work in direct support of

MSFC which has taken a similar step in their structure. It is headed by

Tom Harvey who was previously Deputy Program Manager of the SSM and is

now Director of Space Telescope Systenns Engineering. We have increased

the staff from 25 to 70 people and will further increase to over 100 by the

end of FY 1983. The objective of this organization is to provide an in-depth

penetration of all the modules' technical status and to integrate thenn into a

system which accomplishes the Science objectives. With primary emphasis

on the forthcoming ST Test and Verification phase, they will maintain and

update technical and test requirements, assure proper verification and

compliance with them, audit electronics and hardware interface designs and

integrate the critical Pointing Control and Fine Guidance System into an

accurate, stable and operational system.

Cost and Funding Plan

Our cumulative costs expended through May are $204. 2' against a cost plan of

$203. 1. While we are slightly in an overrun position, we are confident that we

will meet our funding guideline for the remainder of the Fiscal Year 1983.

We are presently assessing a new funding plan, together with the schedule plan

previously shown in Figure 3 for compatibility. We expect to finalize this review

with MSFC within the next two months.

To summarize, gentlemen, we are tracking to our new plan within our

projected costs and we are performing well. We are looking forward

to the next phase of the program in completing fabrication of flight

hardware, assembling the SSM and conducting ST environmental testing

leading to a fully tested ST to be delivered to Kennedy Space Center for

integration into the Shuttle in March 1986.
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8 July 1983

Mr. Harold L. Volkmer
Chairman, Sabcommittee on Space Science
and Applications

U. S. House of Representatives
Suite 2321 Rayburn House Office Building
Washington, D. C. 20515

Dear Mr. Volkmer,

With reference to your letter dated 28 June 1983, received by us

on 6 July 1983, it was a pleasure to participate in your oversight

hearing on the cost, performance and schedule status of the Space
Telescope Program.

Enclosed are the answers to the additional questions submitted to

us. We hope this response is satisfactory.

Do not hesitate to contact us if we can provide you with any addi-

tional information.

LOCKHEED MISSILES & SPACE CO. , INC.
SPACE SYSTEMS DIVISION

F>^fc:"^'^:bder
Vice President and General Manager

Enclosure

1111 LOCKHEED WAY • SUNNYVALE, CALIFORNIA • 94086
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Enclosure to

LMSC/D928412

LOCKHEED MISSILES & SPACE CO. , INC.

SPACE SYSTEMS DIVISION

8 JULY 1983

1. Mr. Powell, within the Space Systems Division of LMSC, what
percentage of the division's total effort is being devoted to the

Space Telescope activities?

As a function of time, it is 5 to 10% of the Direct Division headcount.

2. Mr. Powell, do the required skills and manpower for the Space
Telescope reside within the Space Systems Division?

Yes.

3. Mr. Wright, do you control all resources needed to accomplish the

Space Telescope program?

Through my SSM Program Manager and Director of ST Systems
Engineering, I control the funding resources allocated to LMSC
from NASA as well as the assignnnent of personnel and facilities.

4. Mr. Wright, a number of reviewers suggest that the systems engineering

effort has been understaffed in the past.

a. Do you agree with this assertion?

The Systems Engineering effort for the Program was austerely but

adequately staffed in the Program consistent with the resources
authorized by NASA. After our Systems Engineering critical design

review, it was further reduced to support hardware development.

b. Have you previously attempted to gain increased systems engineerijig

staffing?

Yes.

5. Some of the Lockheed cost growth has been associated with overhead

structure changes. Could you elaborate on the reasons for this?

In the past, the level of inflation had been higher than our negotiated

forward pricing rates, thereby requiring yearly adjustments. Government
imposed cost accounting STD 418 had significant impact to the Space Telescope

when impos.-d in January 1982. For example, computer related costs went

from direct program charge to overhead. Lastly, our overhead rates are

based on our direct labor base and are made on an estimated projection of

our direct labor force. When other programs have fiscal funding constraints

levied or program slowdowns that affect the direct base, our overhead rates

are affected.
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Enclosure to

LMSC/D928412

6. a. Could you discuss your interface and interactions with Perkin-Elmer?

LMSC has had good interactions with Perkin-Elmer in the past. We
did not have access to the costs, schedules or non-interface inter-

actions due to our associate contractor relationship.

b. Are there direct interactions or is NASA involved at all meetings and
discussions between the associate contractors?

LMSC and Perkin-Elmer have had bi-monthly meetings without the

presence of NASA to discuss management and technical issues and
coordinate upcoming meetings. NASA had endorsed these meetings.

There also were informal meetings held with the other associate

contractors and ESA and their contractors. NASA was not always in

attendance for these meetings. NASA Marshall had always encouraged
face to face meetings with associates. NASA participated in these

meetings when project decisions and contract direction were necessary.

7. What involvement does Lockheed have for the science instrument development?
Are there direct interactions with the Principal Investigators?

LMSC, in developing interface control documents for the Space Telescope,
was intimately involved in the initial Scientific Instrument development. We
dealt with the contractors providing the experiments, as well as the Principal

Investigators. LMSC had no direction authority, and serves in an advisory

capacity.

8. What impact has the requirement to provide for maintenance and repair had
on cost and schedule?

The requirements for maintenance and repair were factored into the Space
Telescope early in the program. The costs and schedule impacts associated
with this activity are minimal at this time and will necessarily increase as

we approach launch.

9. a. What steps are being taken to protect the mirror from contamination
during the integration, test and checkout activities?

The assembled ST is in a class lOK clean room at all times during
vehicle testing. At all other times (transport out of clean room), the

total vehicle is placed in a bag. This bag is only removed during
thermal vacuum tests, and while the vehicle is in a certified clean

room. A "test" aperture door is installed during these phases to

prevent deposition of stray particles from falling on the mirror.

b. Are you able to keep the mirror covered during most of that time?

Perkin-Eln-ier is tasked with investigating a cover for the mirror
that can remain on durung all test and transport activities.

10. How will the Space Telescope be shipped to Kennedy Space Center?

The Space Telescope is planned to be shipped from Lockheed by NASA
barge to the Port of Alameda, California (San Francisco Bay). It is
intended to be transferred to a surface ship for shipment through the
Panama Canal to the launch base.

11. Has Lockheed been able to live within the resource estimate for the
manufacturing and fabrication effort?

LMSC required additional resources in manufacturing and fabrication
because of additional tooling and detail fabrication costs encountered
because of difficulties experienced in extremely tight tolerances on
these large structures and detail parts, however this represents less
than one percent of contract value.
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Mr. VoLKMER. Thank you very much. I do have several ques-

tions.

At the present time within the space systems division at Lock-

heed, what percentage of the division's total effort is being devoted

to the space telescope activity; that is, LMSC?
Mr. Powell. It is in the order of 5 to 10 percent.

Mr. VoLKMER. Has that increased since last year?

Mr. Powell. It is increasing some as a result of the added task

that has been asked to be performed in the systems engineering

area, and also I think our manufacturing area had started to build

up some as we released these structures into production, but not a

great increase.

Mr. VoLKMER. You said because of the added tasks in engineer-

ing?
Mr. Powell. Systems engineering tasks.

Mr. VoLKMER. Requested by whom?
Mr. Powell. By NASA, Marshall Space Flight Center.

Mr. VoLKMER. Was that as a result of these meetings in January
and February?
Mr. Powell. Yes.

Mr. VoLKMER. Will that increase costs to Lockheed?
Mr. Powell. It increases the funding at Lockheed, yes.

Mr. Volkmer. Does the space systems division that you have

have all the skilled manpower necessary now?
Mr. Powell. Yes. I do not think there is much question but we

have the required skills to carry out the program.

Mr. Volkmer. You have all the resources necessary to accom-

plish the space telescope program?
Mr. Powell. Yes, sir.

Mr. Volkmer. Now have you been understaffed in the past?

Mr. Powell. No.
Mr. Volkmer. What about systems engineering?

Mr. Wright. I would like to comment on that, if I may.

In terms of understaffmg, I feel it has been generally recognized,

not only by the separate investigative committees that have been

assigned to review the program, ourselves, and particularly Mar-

shall, that the systems engineering was not adequate in terms of

the depth of penetration and in terms of the total number of

people, especially in recognition of the forthcoming critical phase

that we are entering. We need a much greater indepth integration,

if you will, in preparing for this vital testing that is coming up.

The whole systems engineering aspect has a different flavor from

the past. For the most part, the requirements have been pretty

well established, and now we need much more detailed visibility

and integration for amalgamating and incorporating all of the

modules. In that sense, this rephasing, and additional resources are

going to improve that greatly.

Mr. Volkmer. Are you telling me that that would have probably

occurred, anyway, going from one phase to the other?

Mr. Wright. It would have been our recommendation, but let s

say in this case it has been well recognized.

Mr. Powell. Maybe I misunderstood your original questions in

terms of having people available to meet the requirements of the

contracts we were under. We never suffered any shortage due to
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that. We always had plenty of people to apply to the program, if

the program contract called for it.

Mr. VoLKMKR. All right. Mr. Wright, could you compare the cur-

rently planned milestones that we are looking at now in 1983 with

the schedule that we had VS months ago, when you appeared here

in May of 1982?

Mr. Wright. In my last appearance here, as you will remember,
when we talked about our downstream schedule planning, it was a

success-oriented schedule and that everything would come together

by the date specified. We felt, based upon experience with other

programs with good success, that it was achievable.

Now, because of the delay of the delivery of the Perkin-Elmer
OTA, we can utilize this time by eliminating some of the higher

risks in the schedule by adding 4 months to the ST A&V plan.

Therefore, instead of being success oriented, I now feel that we
have reserve in the schedule to take care of problems that we do

not now foresee.

In addition, this extra time has added another 3 months to the

SSM testing. We are also taking advantage of that time with early

integration of the scientific instruments with the support systems
module to further reduce risk. I feel now that we have a schedule

that is achievable with some reserve to take care of unknown prob-

lems.
Mr. VoLKMER. However, with the extra time in it, do we not also

incur additional costs?

Mr. Wright. That is correct.

Mr. Volkmer. Could you give us an estimate about what the ad-

ditional cost would be?
Mr. Wright. That is a good question.

Mr. Volkmer. Submit it for the record in writing.

Mr. Wright. We would be happy to do that.

[The information follows:]

The additional cost relative to the program extension of 1.5 months at approxi-

mately $4M per month is estimated at $60M. This does not include the cost of the

risk reducing tasks currently being coordinated with MSFC.

Mr. Wright. The reason I hesitate, Mr. Chairman, is that this

whole integrated plan now is in its detailed planning stage and
working it out with dollars, schedule, and activities. We are work-
ing this out with Marshall. It is going to be a couple months before

we get it tied down. We would be very happy to give you an esti-

mate.
Mr. Volkmer. I would like to give you a hypothetical. Let's say

the optical telescope assembly and the scientific instruments had
been completed and remained on schedule, as they were as of last

year, would Lockheed have been able to make the June 1985
launch date?
Mr. Wright. Yes, we would have. I would add to that, however,

that our costs would have increased based upon the old plan be-

cause of some of the problems I just described to you, but we would
have met the schedule.
Mr. Volkmer. The problems you are describing in regard to the

integration of the data and the computerization and that type of

thing?
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Mr. Wright. Yes, the data management unit, the digital inter-

face unit that I talked about, some of the manufacturing initial

problems we had with our tooling and the replacement of the flight

wire, and so on. Those are problems that we have encountered
which have laid claim on additional dollars for this fiscal year.
That, inevitably, affects the overall cost, as you would expect, even
though the dollars involved here are something on the order of $2
to $3 million.

Mr. VoLKMER. Take the flight wire with the stuff that is flaking
off. Why did we use that specific wire?
Mr. Wright. Originally, it was recommended by NASA Goddard

that we utilize this wire because it had a good characteristic of
EMI, electromagnetic interference. We concurred with this recom-
mendation and bought this wire from the vendor. It had successful-

ly been utilized in other NASA spacecraft.

After we received the wire, we noticed this flaking that occurred.
Tracing back to the vendor, we discovered that their process had
changed. By virtue of this process, this striping on the wire was
flaking off, causing the contamination. Therefore, we had to re-

place it.

Mr. Volkmer. Did you replace it with wire that was available

from other sources?
Mr. Wright. Yes, from the same vendor with the corrected proc-

ess. I might add this wire is used elsewhere in the ST.
Mr. Volkmer. Now how much additional cost are we talking

about in adding, first, the parts and availability of spares?
Mr. Wright. I do not have that number handy, Mr. Chairman,

but the number of spares we are adding is something like—what is

it, about 30, Mr. Bulkin? Maybe you can answer that.

Mr. Bulkin. It is about 30 items. Most of our fixed price subcon-

tract deliveries already include a number of spares. The inhouse
electronics and the gyros and some of the equipment that Bendix is

building for us have to be spared. They represent about 15 items, I

believe.

Mr. Wright. We would be happy to give you those costs.

Mr. Volkmer. I would appreciate that.

[The information follows:]

The cost of additional spares to support the ST Assembly and Verification testing

is estimated at $18M.

Mr. Volkmer. I will just ask you right off. Where do you attrib-

ute the increased cost that Lockheed will incur?

Mr. Wright. The downstream cost by a very large percentage

will be due to the stretchout of the program. Of course, we are

adding additional items which will reduce the downstream risk

also, to assure meeting this new schedule.

Mr. Volkmer. The flight software memory, are we going to have

that 20-percent reserve available at launch?
Mr. Wright. That is a very good question. We are in delibera-

tions right now with the systems engineering group at Marshall.

We have recommended some solutions which will prevent us from

adding additional hardware, thereby not increasing the cost.

However, if some of the reduction in our software that we recom-

mended is unacceptable, for example, to the operations people at
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Goddard, we are going to have to make some value judgment here
in a tradeoff as to what is the best way to go to minimize cost and
schedule and assure the performance we want.
We have a solution that is a no-cost solution, and it remains to

be seen whether that will be accepted.

Mr. VoLKMER. No cost solution by changing the type of software?

Mr. Wright. Just reducing some of the software that we feel is

desirable but not mandatory.
Mr. VoLKMER. Are some of your costs associated with overhead

structure changes?
Mr. Wright. Yes. Due to the inflation situation over the past 5

years being greater than what was assumed for our forward pric-

ing, we experienced higher rates than was originally estimated. In

addition to that, we had a CAS 418 which impacted our contract. In

some cases, because of the complexity of the program, our direct

rates were higher than what we estimated. Therefore, the combina-
tion of all three resulted in increased cost due to these three fac-

tors.

Mr. VoLKMER. All right. In other words, if everything had been
on schedule in the success-oriented program, we would not have
had necessarily all these additional costs?

Mr. Wright. Not all of them, but we would have still had some
because we have already experienced these increased rates to date.

Mr. VoLKMER. All right. Now in the integration of the hard-

ware—in other words, with the hardware you are going to have
and is going to be on board, plus what is going to be at the Science
Institute and what is at Goddard altogether, how much time have
you allowed to make a determination as to everything is going to

be compatible—to make the tests to make sure everything works?
Mr. BuLKiN. We have a compatibility test planned that will in-

terface the ST through the TDRS back through Goddard and to the
Science Institute. These tests start in the first quarter of 1985 and
will continue up through and including the launch base activity.

There is about a year and a half of activity that will be divided in

1- or 2-month increments throughout that period.

Mr. VoLKMER. Do you see any unforeseen, at this time, let's put
it this way, or possible unforeseen problems, with integration
where you may have to have some hardware changes or anything
later on?
Mr. Wright. Let me answer it this way: We want to take advan-

tage of this extra time, if you will, for this in-depth penetration
that I referred to earlier in the systems engineering sense, to make
sure that when we put this equipment together for the first time
we do not find fundamental interface compatibilities. That is one
problem.
The other thing is that it is extremely important to us in getting

all of the software ironed out early because that will kill you. The
test that we just started with the 224 computer and all our point-

ing and data management equipment, with the software will pre-

vent us from having software surprises holding up the real testing

of the hardware. In fact, we have even gone so far as suggesting,

even though that it is another item of cost, that we try to integrate
early, the engineering model of the fine guidance sensor, which is

so critical in the total system.
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In that sense, we hope we will not have any surprises, but when
you put a system together for the first time you are bound to have
some problems.
Mr. VoLKMER. Are you working with Goddard on that?
Mr. Wright. Yes, sir.

Mr. VoLKMER. You believe you will be able to work that out?
Mr. Wright. Yes, sir, we do.

Mr. VoLKMER. Other than that, do you have any involvement in
the science instrument development?
Mr. Wright. We are definitely involved in the systems engineer-

ing sense. Part of our expanded role here—and we are in the proc-
ess of doing this—is having assigned knowledgeable engineering
people who are familiar with our total test program at Sunnyvale
to be physically present and part of the final testing of the scientif-

ic instruments, so that we understand and appreciate—the scien-
tist's problems and what he expects to gain during this final verifi-

cation test activity.

Mr. VoLKMER. Has that been your experience in the past?
Mr. Wright. Yes, sir, it has. We find that that is very beneficial.

Mr. VoLKMER. Now what steps are being taken to protect the
mirror from contamination during the integration test and check-
out activities?

Mr. Wright. Well, there are several activities underway to

assure contamination-free environment. I would probably refer this

to Perkin-Elmer to a certain extent.

One thing we are planning is to make sure that all the basic
structures and equipments that have any contact or are in close

proximity to the mirror be baked out to prevent any contamina-
tion. During the time it is assembled, we would like to see it com-
pletely protected with a cocoon, if you will, or a bag, once this envi-

ronment is clean, to keep it clean. Of course, this not only takes
place in Sunnyvale, but also at the base and integrated into the
shuttle.

Mr. VoLKMER. The space telescope will be shipped in what way
to Kennedy?
Mr. Wright. The NASA plan right now is by barge through the

Panama Canal. I think there are plans underway, however, looking
at alternatives to that.

Mr. VoLKMER. I believe you have answered this question. I have
made a note on one of your statements that your automated test

software computer facility and your new vertical assembly and test

facility will be integrated with Goddard and the Space Telescope

Science Institute; right?

Mr. Wright. Yes, it will. The Goddard operation facility will be

able to command the vehicle through the TDRS link to verify clos-

ing and commanding and monitoring the vehicle.

Mr. VoLKMER. On the high gain antenna pointing system, you
say testing is underway to define the requirements of optimum per-

formance, et cetera, and design capability. When do you anticipate

that you will have overcome these problems?
Mr. Wright. I will refer that to Mr. Bulkin.

Mr. Bulkin. We will complete our initial test in the September
timeframe this year.
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Mr. VoLKMER. Do you see any difficulties with any proposed

funding for 1984, presently proposed?

Mr. Wright. Not at the present time, if NASA will be able to

allocate to us the funds we feel we need for this plan that I just

described, and our preliminary discussions underway look very en-

couraging, but we need to get into this in detail down to the fifth

level of our work breakdown structure with all facets of the pro-

gram, to make sure we have a good handle on those costs.

Mr. VoLKMER. I have taken more than my 5 minutes. Now I will

recognize the gentleman from California, Mr. Brown, for any ques-

tions.

Mr. Brown. Thank you, Mr. Chairman.
Gentlemen, I do not think I have any penetrating questions, but

I am very much interested in this project because of its importance

to the scientific community.
Where is the physical location of the activity going on here, in

case I should want to visit the operation and see how it looks?

Mr. Wright. There are three basic areas that you should visit,

sir. First of all, close by is Perkin-Elmer, of course, where they are

in the final phases of much of their hardware, especially looking at

this new mirror that has had outstanding performance to date.

At Goddard there are very important test activities this summer
and fall called VAP. It is a verification acceptance program where

they, for the first time, will be taking the scientific instruments

and integrating them with the IBM and Fairchild command and

data handling computer, and running a series of tests. That is an
important series of tests prior to their delivery to Lockheed.

Then, of course, we would encourage you to visit Lockheed and

see our new facility as well as the hardware that we now have.

The major activity within that new facility will not be starting

until the middle of next year.

Mr. Brown. This mirror is not your responsibility. This is

Perkin-Elmer. I guess I will ask them about mirrors.

Are you responsible for developing the schemes dealing with

pointing and tracking and that sort of thing?

Mr. Wright. This is a direct responsibility between Perkin-Elmer

and ourselves. It is a very intimate and detailed interface. Because

every single element is tied together both in a physical and func-

tional sense, it is hard to define that interface. Because of that, we
and Perkin-Elmer work very closely together in this activity, and
in the new systems engineering activity I described we will be

taking a much greater, in-depth role in conjunction with Perkin-

Elmer with the fine guidance sensor.

Very briefly, the fine guidance sensor is the responsibility of

Perkin-Elmer. We have the responsibility for the reaction wheels,

the gyros, the star trackers, and the remaining components of the

system as well as the overall system architecture.

Mr. Brown. With regard to the pointing and tracking capabili-

ties of this mirror, none of the work you are doing is classified, is

it?

Mr. Wright. No.
Mr. Brown. Are you able to compare the work that you are

doing with some of the studies that are being done on finding and
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tracking of laser missiles and laser mirrors for purposes of knock-
ing down missiles?

Mr. Powell. The answer is, yes, we are able to make those com-
parisons, but the basic problem that one is solving is quite differ-
ent. The rates at which you wish to track and shoot down an object
in near-earth orbit, for example, are much higher than the rates
associated with acquiring a star out in space. The stability with
which you want to stay on the star is tighter than the stability that
you need to burn a hole in another guy's satellite or missile or
whatever. The dynamics of the problem are quite different.
Mr. Wright. The stability of the space telescope is unique. It can

take its good old time in pointing to something, but once it points,
not only is the pointing accuracy severe, but the stability is very
severe. This is strictly state of the art. It is something that has
never been achieved before and certainly is the key technical
driver of the entire design of the vehicle.

Mr. Brown. Mr. Powell says that is a slightly different problem
than being able to rapidly acquire and stick to it. Are they of com-
parable difficulty, or is it possible to make a statement?
Mr. Powell. I would just roughly guess that they are compara-

ble.

Mr. Brown. What is the nature of the gyro system that you
have?
Mr. Wright. The gyro that we are using has its genesis in other

NASA programs. Also, in our other programs we use this generic
group of gyros. The uniqueness of this gyro, however, is that we
have developed and incorporated a shroud in the gyro to cut down
the noise, both electronic and mechanical, which had a feed
through into the pointing control system. That is new for this coun-
try. It is probably the best gyro that has ever been built in that
sense.

Mr. Brown. Is it a mechanical gyro or
Mr. Wright. It is a mechanical gyro.
Mr. Brown. There are other kinds of gyros, aren't there—laser

gyros? Would they be better or worse for a situation like this?

Mr. Wright. A laser gyro would still have some of the basic

noise problems perhaps. However, incorporating something like

that at this stage would be out of the question.

Mr. Brown. What about the next one?
Mr. Wright. There's a possibility.

Mr. Brown. Thank you.
Mr. VoLKMER. Thank you.
The gentleman from Florida?
Mr. MacKay. No questions.

Mr. VoLKMER. The gentleman from Virginia, Mr. Bateman?
Mr. Bateman. No, Mr. Chairman. Given the vagaries of my

schedule, I think I am going to learn more by listening than by
asking, so I will pass.

Mr. VoLKMER. I have one final question.

I could probably go through the figures here and take time and
figure out what is and what isn't—on figure 6 you gave all the

flight hardware. Is all of that fully tested out and ready to be as-

sembled?
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Mr. Wright. Yes. As I said before, approximately one-third of

the total complement of our flight hardware has been acceptance

tested, qualified, and in storage awaiting assembly into the SSM.
The remaining two-thirds of all of our equipment is in the final

fabrication and test phase. We still have two critical qualifications

yet in terms of the data management unit and the digital interface

unit.

Mr. VoLKMER. I have no further questions. I want to thank you

very much for being here.

Wait a minute. I am going to go over just one more thing.

When you testified here—and I think we have covered it but I

just want to emphasize it from my own viewpoint—when you testi-

fied here last year and talked about the schedule at that time, you

were positive that you would be able to stay with that schedule and

complete it. I have asked you if the other things have been deliv-

ered on time. The new schedule that you are now following was not

a result of anything that occurred at Lockheed?
Mr. Powell. That is correct.

Mr. VoLKMER. Thank you very much.
Our next witnesses are Gaynor N. Kelley, Perkin-Elmer Corp.,

along with John D. Rehnberg.
Gentlemen, your statements will be made a part of the record,

and you may either review them or summarize them, however you

so desire.

STATEMENT OF GAYNOR N. KELLEY, EXECUTIVE VICE PRESI-

DENT, PERKIN-ELMER CORP., ACCOMPANIED BY JOHN D.

REHNBERG, VICE PRESIDENT AND GENERAL MANAGER, SPACE
SCIENCES DIVISION, PERKIN-ELMER CORP., KENT MESERVE,
GENERAL MANAGER, SYSTEMS OPERATION DIVISION, AND
DON V. FORDYCE, DIRECTOR, SPACE TELESCOPE, PERKIN-
ELMER CORP. SPACE SCIENCE DIVISION

Mr. Kelley. Thank you, Mr. Chairman and members of the com-

mittee.

I would like to summarize, if I could, the statement I have sub-

mitted for the record.

It is, indeed, also my pleasure to be with you this afternoon in

discussion of the activities of our space telescope.

First, let me say the Perkin-Elmer Corp. is committed to the

completion of designing, fabricating, and testing of the optical tele-

scope assembly of the space telescope and doing this job well.

Perkin-Elmer is a 50-year-old company whose heritage has been
dedicated to high technology. Over the years we have had the

pleasure of serving the Government's science community in many
varied and successful programs.

In both my acting capacity as optical group executive as well as

my executive vice presidency, I have spent a significant portion of

my time on space telescope over the past 5 months. I am planning

to continue to do so until this job is complete.

We have made significant management changes to support space

telescope which will be described later. At this time all elements of

the corporation's resources required to accomplish this task are

available and report to me. In all candor, I must say that we have
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contributed to the problems which were brought to your attention
at these hearings. Principally, we misjudged the technical complex-
ity of a number of tasks and, therefore, the time and effort re-

quired to accomplish these tasks. This in turn resulted in inaccu-
rate and late projections of the resources required.
While I believe these problems are largely behind us, the remain-

ing effort is still very demanding.
Our product to date has been technically superb, and we are

committed to continuing to provide this excellence through the re-

mainder of the ST program.
With me today are Jack Rehnberg, vice president and general

manager of our space science division; Kent Meserve, general man-
ager of our systems operations division; and Don Fordyce, the di-

rector for space telescope for Perkin-Elmer.
I would like to introduce Jack Rehnberg now, who will report on

our current status. We will be happy to answer any questions fol-

lowing Mr. Rehnberg's comments.
Mr. VoLKMER. You may proceed, Mr. Rehnberg.
Mr. Rehnberg. Mr. Chairman and members of the subcommit-

tee, concluding our testimony during this subcommittee's space
telescope program oversight hearing in May 1982, we acknowl-
edged the optical telescope assembly as a very challenging techni-

cal endeavor and identified several areas of concern yet to be faced.

We have achieved considerable progress on these concerns and on
the program in general. The publicity that the space telescope pro-

gram has received in recent months has raised the notion that the
program is in grave technical difficulty, and as a result less science

may be accomplished. Be assured that is not the case. In fact, the
science results may even be better than specified.

Perkin-Elmer has its reputation and pride at stake in a business

area that has been one of our cornerstones since the company was
formed. We will do everything in our means to provide the science

community with a telescope equal to or better than what they have
asked for. For the public record, therefore, this testimony will

review the technical requirements and challenges from the pro-

gram outset in 1977, our accomplishments, and the status of recent

technical concerns. I will also discuss factors affecting program
growth, the management improvements effected since May 1982,

and the schedule to which we are now committed with our part-

ners: NASA, Lockheed, and the ST science community.
The original performance specifications of the space telescope are

shown in the figure on my right. These demanding specifications

have not been changed to this date. Without discussing them all in

detail, I would like to mention the two principal performance re-

quirements which drive all elements of the optical telescope assem-

bly design. These are the requirements relating to image quality

and image stability. Image quality requirements are stated as

lambda over 20 system wavefront error or a variance of one-twenti-

eth of the wavelength of light for periods of up to 10 hours. The
image stability requirements are stated as a 0.007 arc second line-

of-sight error on a magnitude 13 guide star.

The major technical challenges associated with the optical tele-

scope assembly were identified at the beginning of the contract in

1977 and these challenges are summarized on the chart on your



164

left. They relate, of course, to those two principal performance re-

quirements identified in the previous chart. They involve the sta-

bility of the primary mirror to secondary mirror spacing, the stabil-

ity of the focal plane structure supporting the science instruments,

the quality of the primary and secondary mirrors which control the

system wavefront error, and the reflectivity of each of the mirrors

in order to provide adequate performance in the ultraviolet region

of the spectrum.
Also of critical performance is our ability to aline the system on

orbit using the wavefront sensors in order to begin telescope oper-

ations. The noise equivalent angle error in the fme guidance sensor

when operating on an even fainter than magnitude 13 guide star is

also of critical importance.

The following statements that I will make relate to these perfor-

mances. In general, each of these original challenges have been

met, and in many cases we have measured performance data which

show the telescope will meet all of its original performance require-

ments.
The chart on your left shows a generic buildup of the telescope,

the process we are currently undertaking. In the upper lefthand

corner we see the primary mirror being assembled into the main
ring. Next the baffles will be mounted into the primary mirror and

main ring. We then marry in the flight focal plane deck which

holds the science instruments, and lastly the secondary mirror as-

sembly must be alined critically to the primary mirror. Then we
have the final assembly in the lower righthand corner.

I will now sequentially take you through some of the hardware
subassemblies that relate 1-for-l with the particular diagram

shown in this cartoon.

We have already accomplished last year the integration of the

graphite epoxy truss structure to the main ring shown here.

The flight focal plane structure has been completed and is being

prepared for shipment to Marshall Space Flight Center where it

will undergo vacuum outgassing.

Entirely covering the space telescope and around the primary

mirror are perhaps 800 heaters and temperature controllers of the

type you see here. These are essential to control the critical sur-

faces to one-tenth of a degree. This type of temperature control is

necessary in order to achieve the kind of performance that the sci-

ence community expects from the space telescope.

Next chart, please. Typical heater—that which is being applied

to the main ring as well as the other associated hardware on the

program.
Here again we see the flight focal plane structure as it is being

harnessed with its heaters and cabling.

The primary mirror which has been integrated into the main
ring—and I will show you charts on that very shortly—is shown
here during a polishing process 2 years ago.

We developed, under the space telescope program, a computer-

controlled process unequaled in the world for finishing the mirror,

not only to the desired figure quality but to the necessary smooth-

ness, which was absolutely necessary for the ultraviolet perform-

ance.
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Next chart. This is a photograph of the secondary mirror. Al-
though it does not receive the publicity that the primary optic
does, it is an equal partner in providing the precise fidelity of im-
agery that is necessary for the space telescope. The challenge of fa-

bricating that was no minor task in itself.

Next chart. Also in one of our Connecticut operations, a very
unique facility had to be developed and brought on line. We did
show you this at last year's hearings, the coating facility for coat-
ing the primary and secondary optic.

Next chart. This is the mirror being removed from the coating
chamber in preparation for further integration.
Next chart. Here we see the mirror being inspected following the

final coating operation.
Next chart. I would like to dwell on this chart for a moment. We

see here the requirements as they were laid out for the space tele-

scope reflectivity for the primary and the secondary in the visible

as well as the ultraviolet. The performance requirements have
been met or exceeded at all portions of the spectrum.
On the primary mirror, you can see we have achieved 78 percent

reflectivity; on the secondary, 73 percent reflectivity. We have not
evidenced any change in reflectivity on witness samples that were
coated at the same time that the primary mirror had been coated a
year and a half ago.

Next chart. I would like to walk you quickly through some of the
operations that we have been undertaking during this past year in

preparation for integrating the primary mirror into the main ring,

which was accomplished successfully in March of this year.
You see here some of our technicians assembling hardware to

the back of the mirror and to the sides of the mirror. As you can
see, during all of these operations, which took approximately 18
months, the mirror has been protected and covered when it was in

these kinds of clean room conditions.

Next chart. The mirror here is shown being lowered into the
main ring. You can see the critical attachment fixtures on the back
of the mirror which must tie it into the main ring. This task took 5

months and had to be accomplished in a very precise manner, such
that the zero gravity environment could be simulated. We did not
disturb any of the figure quality that was implicit in the mirror
prior to attachment to the main ring.

Next chart. Here we see the primary mirror integrated into the
main ring. This, in my estimation, is probably the most significant

event for the space telescope program. I do not think anything of

this magnitude with this precision and size has ever been accom-
plished before, and I am very proud of our people, having accom-
plished this for the first time; albeit they were 5 months late in the

accomplishment.
Next chart. Again, I mentioned that the secondary mirror is an

equal partner to the primary. Here we show the secondary assem-

bly with the secondary in it. It has a very critical 5-degree freedorn

actuation mechanism and must also be aligned to submicron preci-

sion. It is being prepared here for vibration testing, which is sched-

uled for the months ahead.
Next chart, please. You see here an optical high fidelity bread

board of the optical control sensor which is used for sensing the
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star light coming in through the telescope, and information from

that interferometer is then transmitted to the ground station. We
derive polynomials from that, and from that information determine

the alinement requirements for the primary and secondary mir-

rors, and can control the position by actuation mechanisms in

order to assure telescope alignment.

Next chart. The fine guidance sensor, which many of you have

heard so much about, is a rather complex subsystem, as Mr.

Wright also alluded to. It is the heart of providing information on

the guide stars such that the telescope can obtain the 24-hour

pointing stability requirements.

There are several electronic subsystems associated with it as well

as an interferometer and some other critical optical subsystems.

Next chart. We are in the process of assembling the first engi-

neering unit of this fine guidance sensor. We see here a graphite

epoxy bench structure, which is the heart of the fine guidance

sensor assembly and holds the critical dimensions necessary for

this unit.

Next chart. This is a photograph of the star selector servo assem-

bly provided by BEI. Again, this system has proven its worthiness,

and it is ready for integration into the engineering unit.

Next chart. Typical of the electronic units, this is an engineering

model of the fine guidance electronics provided by Harris, and we
are waiting arrival of the first flight units of that subsystem this

summer.
Next chart. I would like to briefly dwell on the system perform-

ance improvements that have been attendant to the program since

its outset. With the added image quality predicted for the primary

and secondary mirror, with the increased reflectivity that we
expect to receive from the primary and secondary mirrors, we can

assure the science community that the telescope that will be pro-

vided by Perkin-Elmer to NASA at this point in time will meet or

exceed even those goals established when the space telescope was

planned to be a 3-meter facility.

Next chart, please. I would like to now discuss some of the con-

cerns—that were raised this past year which have led to some
delays in the program and address briefly what has transpired and

where we feel we are at this point in time.

Those were specifically the attachment mechanisms or the

latches for the science instruments, the fine guidance interfero-

meter, and, lastly, the contamination.
The chart on your left is a photograph of a typical latch mecha-

nism. There are 27 of them. They must retain the science instru-

ments to the flight focal plane deck to a very precise tolerance di-

mensionally and angularwise. As you can see here, it is approxi-

mately the size of a football, to put it into perspective.

That large coil spring there is the kind of mechanism that must

be preloaded. Again, it is designed to provide precision tolerance. It

must be onorbit replaceable, such that an astronaut can remove an

instrument and then reinsert another instrument without losing

precision and alignment.
I am pleased to say that we have successfully completed revalida-

tion testing of the latches associated with this design during March
and April of this year, and at the present time we are proceeding
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ahead with the final manufacturing retrofitting of the latches asso-
ciated with this program.
Next chart. The problems that occurred most recently had to do

with the hardness of that ball that you see in the chart on your
left. We had to change the material to a tungsten carbide material.
That changeover was successful and, as I stated, was qualified most
recently.

Next chart. The next chart shows, again, the mating part of the
socket to the ball shown in the previous chart.
Next chart. I would like to now briefly discuss a concern that

was raised last year concerning the flight focal plane structure.
This is the first program which has extensively used graphite
epoxy in strength-critical structural applications. While this mate-
rial has been used in the past for optical benches and while Perkin-
Elmer has used it many times for such applications, such use re-

quires stability and stiffness but rarely strength. In the case of the
focal plane structure, we are dealing with an optical bench capable
of supporting five scientific instruments and three fine guidance
sensors weighing a total of over 4,800 pounds. Thus, in the Space
Telescope the focal plane structure has to support all that hard-
ware through shuttle launch and landing. As a result, strength be-
comes a critical parameter in the design of the focal plane struc-
ture.

The region of the focal plane structure shown as the flexure is a
blade of graphite epoxy which interfaces the focal plane structure
to the aft face of the main ring. This blade takes the entire weight
of the structure and the fine guidance sensors and the scientific in-

struments. The lowest section of this element, called the flexure
foot, was strength tested and failed when subjected to the shuttle
loads. After a very extensive design analysis activity, a redesigned
flexure foot was built, tested, and was proven successful. That
repair has now been implemented on the flight focal plane struc-

ture and is shown in the figure on your left. Each of the flexure
feet are now sandwiched into a titanium fitting known as a titani-

um boot. The boot is bolted through the flexure and, in addition, is

bolted to the main ring, thus providing the reinforcement neces-

sary in the critical region of the flexure foot.

Tests have shown that the flexure feet and the flexures are ade-
quately strong. Again, that problem is behind us, and the necessary
repair that we had discussed with you last year has been accom-
plished.

The last item, dealing with contamination—a remaining concern
relates with regard to contamination. As you will recall, this was
brought to your atte ition by Dr. Frank Martin of NASA last year
and is one that we need to be concerned about.

There are two kinds of contamination, one in the form of dust

particles and the other in the form of hydrocarbon contamination
on the primary mirror. It should be noted that the primary mirror
has been kept in the cleanroom ever since it was coated in Decem-
ber of 1981. Further, that cleanroom is well maintained and the air

quality is monitored continuously. Nonetheless, no cleanroom is

perfectly clean, and some dust particles are always present. There-

fore, over a period of time an exposed surface will gather dust even

in the cleanroom, and the primary mirror proved to be no excep-
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tion. This has proved to be the case even though the mirror has

been covered while it was not actually being worked on.

In the intervening year and a half since the mirror was coated,

dust particles have settled on the surface. The question now is

what to do about it. Is it acceptable to leave it as is or should some
attempt be made to clean the mirror?

It was recognized that any attempt to clean the mirror has an

attendant risk of damage to the mirror coating. Significant analy-

ses have been recently conducted. Samples of the dust have been

gathered, and photographs of the dust particles have been made in

order to count their number and to measure their size.

Preliminary conclusions are that the ultraviolet region of the

spectrum of the primary mirror is marginally acceptable as is. In

the visible region of the spectrum, the primary mirror will be ade-

quate as it is at this moment.
The concern remains, however, that the primary mirror will ac-

cumulate more dust before the space telescope is launched. Thus,

some performance margin is needed to accommodate the additional

dust buildup which is inevitable between now and the launch date.

Perkin-Elmer is, therefore, planning a cleaning activity which will

be conducted as late as possible, probably in the summer of 1984,

and will result in the removal of a significant portion, but not all,

of the dust particles on the mirror.

The cleaning mechanism to be used is currently envisioned as a

benign operation in which the dust is blown with clean, dry air or

filtered nitrogen and simultaneously vacuumed away with a

vacuum hose. Tests to date have shown this approach to result in a

successful removal of small dust particles.

A proper cleaning fixture needs to be designed and fabricated be-

tween now and next summer. The cleaning operation would be con-

ducted with the mirror placed upside down so that no hardware

has to be supported above the primary mirror with the risk attend-

ant in that operation.

Measurements have shown that dust at this moment obscures no

more than two-tenths of 1 percent of the primary mirror surface.

In addition, reflectivity measurements of witness mirrors placed

and maintained near the primary mirror at all times have shown
no evidence of molecular contamination.

Due to the significance of the ultraviolet spectrum of this type of

contamination, however, we are considering the advisability of

direct measurement on the primary mirror surface. Such contami-

nation would be significantly more difficult to remove and more
damaging in its effect. We do not expect any hydrocarbon contami-

nation, but we will continue to monitor for it and test as appropri-

ate to insure the ultraviolet throughput is guaranteed at launch.

Based on the above data, we are confident that by the time the

OTA is shipped from Perkin-Elmer it will be a clean telescope with

a high performance set of optics. These optics will essentially not

be degraded by the assembly process, by handling in the plant, or

by any contamination that may have resulted in the intervening

years.

Mr. VoLKMER. Mr. Rehnberg, at this time I am going to have to

have a recess. We have a vote on the floor. We will return in about

10 or 15 minutes.
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Mr. Rehnberg. Yes, Mr. Chairman.
[Recess.]

Mr. VoLKMER. Mr. Rehnberg, you may proceed with completion
of the statement. I beheve we were on the fine guidance system in-

terferometer.
Mr. Rehnberg. Thank you, Mr. Chairman.
During phase B studies in 1973 through 1975, an interferometric

form of fine guidance sensor was selected as being the best way of

achieving sensitivity for pointing errors as small as 1/1000 of an
arc second. This form of sensor was built and demonstrated in the
laboratory by Perkin-Elmer in 1976. Recently, some of the flight in-

terferometers tested exhibited anomalous transfer characteristics.

Since we had previously shown the interferometer scheme to work,
we were sure that the anomaly was peculiar to that particular test

and not generic to all interferometric fine guidance sensors. After
thorough analysis and further testing, the problem has been isolat-

ed to the manufacture and test methods employed to make the in-

terferometer prisms. These methods have been revised, and those
prisms in the laboratory which were faulty are being reworked.
While we are confident that there are no known fundamental

design problems in the fine guidance sensor, additional effort will

be required in resolving Koesters prism fabrication and assembly
difficulties. The fine guidance system assembly, alinement, and
testing will present a formidable effort requiring the application of

our highest skilled optical work force.

I would like to review briefly some of the factors which affected

program growth. In previous remarks to the committee, we ex-

pressed optimism that we could deliver the OTA in December 1983,

within the cost projected at that time. This confidence was based
on the quantity of critical hardware already on hand and the prog-

ress we had made to that point in meeting technical challenges on
the program, including especially the successful completion of po-

lishing and coating the primary mirror.

However, as we also pointed out during last year's hearing,

almost all hardware on the OTA is state of the art, and some very

difficult tasks still lay ahead.
Inflation naturally has been an impact on the program since the

inception in 1977 and, as we all know, in the late 1970's and early

1980's the inflation figures amounted to double figures.

A success-oriented approach, as was mentioned earlier in these

hearings, certainly brought with it attendant risks.

Naturally, on a program of this type, which is at the leading

edge of technology, technical problems will result and always

result.

Program changes, again, from these technical problems must be

handled and dealt with swiftly.

Interface redefinitions, particularly at a time when the shuttle

was going through its development flight test activities, brought on

other changes, particularly in the area of loads to which we had to

design the telescope to.

Next chart. I have listed here some of the key items which have

affected the technical cost growth during this time period. I will

highlight a few for you. We mentioned them earlier: the flight focal

plane structure, which I discussed in detail; fabrication of the large
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optical elements themselves; the shuttle loads, which brought with

it attendant reanalysis and revalidation of a number of the major

structures; fine guidance sensor and pointing-control system

changes that were necessary in order to work very effectively with

our associate contractor, LMSC; the problem associated with the

flexure modifications on the flight focal plane structure; and, last,

the instrument retention mechanisms or latches, which in them-

selves were quite complicated but also had a failure that we had to

repair.

Next chart. I would like to briefly review some of the manage-

ment actions that we have taken since May of last year, to address

some of the shortages in the program.

In August of 1982 we were successful in gaining the services of

Mr. Don Fordyce, who is the Program Director, at my left. Don has

many years of experience in aerospace programs of this type, and

since his arrival at Perkin-Elmer has been a tremendous asset to

the program.
We have restructured some of the technical management of the

program to provide a more focused direction to anticipate problems

in advance. Robert Jones, who had been Deputy Director of the

program, was brought on my staff as the chief engineer for the

space telescope program, reporting directly to me. Bob does not

have administrative responsibilities, anymore. Mr. Jones can now
focus his attention totally on looking forward and assuring our-

selves that we are on the righ track technically.

In the structure below the Program Director, we have revised

the program organization such that we now have two Deputy Pro-

gram Directors. We have one for the optical telescope assembly, to

provide a focus of resources for the telescope assembly by itself,

and another Deputy Director for the fine guidance system. In this

way we provide equal visibility and equal control of resources to

these critical components of the optical telescope assembly.

We have also fully staffed and colocated all of the subsystem

teams associated with the optical telescope assembly. These are all

the personnel associated with the respective subsystems at a

common location. We have accomplished a staffing buildup since

January of this year. We reviewed that with Mr. Beggs in Febru-

ary. I am glad to say that at the present time we are at the full

complement of staffing that we outlined to him at that time.

Last, we have provided additional clean space such that we can

parallel assembly all the necessary flight hardware needed for the

program.
Perkin-Elmer developed forecasts in December 1982 and January

1983 which, although high in technical risk and schedule risk,

could have resulted in optical telescope assembly delivery in June

1984. Subsequent adoption of recommendations made by Perkin-

Elmer to reduce fine guidance sensor development risk and the ad-

dition of NASA-directed thermal vacuum bakeouts to reduce risk of

molecular contamination resulted in the current optical telescope

assembly shipped to Lockheed, date of November 1, 1984.

The current OTA schedule at the summary level is shown on

your left.
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In summary, throughout the OTA development activities, adher-
ence to the original technical specifications has been maintained.
Not one of the original requirements has been reduced.
The scientific community was delighted to learn of the excellence

of the primary mirror. We anticipate continuing such achievement
to support the very important science mission of space telescope.
The schedule slippage encountered has been the result of two

basic reasons: technical problems—nearly every optical telescope
assembly subsystem presses the state of the art—and annual fiscal

constraints which restrain the ability to overcome technical diffi-

culties. Attendant to these difficulties are slippages and, as has
been seen, an increase in program cost.

There remains an acute awareness of the difficulties and impor-
tance of the space telescope program. We are working to a detailed
plan which should require little, if any, future modification. Almost
all of the flight hardware is in-house and final assembly and tests
are underway, as I have shown you in these charts.
We have not always been in the position to anticipate the unex-

pected, and our response on occasion may have been slower than
would have been preferred, but Perkin-Elmer now is in the position
to solve any problems which might arise. The changes in organiza-
tion, staffing, and program controls have greatly benefited the
space telescope program.
Challenges still remain ahead, but we are dedicated to deliver

the best estronomical telescope that meets all of the original pro-
gram requirements.
Thank you, Mr. Chairman.
[The prepared statements, plus answers to questions asked of Mr.

Kelley and Mr. Rehnberg, follow:]
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Statement of

Mn Gaynor N. Kelley

Executive Vice President

THE PERKIN-ELMER CORPORATION

before the

Subcommittee on Space Science eind Applications

Committee on Science and Technology
House of Representatives

Mr. Chairman and Members of the Subcommitte:

I am pleased to have this opportunity to provide you with some brief comments on

Perkin-Elmer's activities in support of the NASA Space Telescope program. I would like

to tell you that I am the Executive Vice President of the Perkin-Elmer Corporation; my

position in the Corporation is shown in Figure 1. As you can see, I wear "two hats",

since I am also the acting Senior Vice President of the Optical Group. I have acted in

this latter capacity since February first of this year by my own choice. My reasons

were basically twofold: First, to become more familiar with Perkin-Elmer's govern-

ment business and second, to become more knowledgeable with regard to the problems

we were having on the NASA Space Telescope program.

In support of this familiarization effort, I have met with key members of the NASA,

Lockheed cind Perkin-Elmer Space Telescope program offices and management staffs.

Since I have added my second hat, I have personally reviewed the program status at

leaist twice a week. Based on this educational process we have made a number of

significant management changes in Perkin-Elmer's Space Telescope Program office.

These will be described* in detail by Mr. 3ohn Rehnberg, Vice President and General

Mamager of the Space Science Division of Optical Group. This is the performing

division for our Space Telescope contract.

Wearing my other hat, that of Executive Vice President, I have reporting to me cdl

elements of the Corporation required to do this job. I have used this position to

promote the transfer of skills into the ST program office and its engineering and

manufacturing support functions. When I return to only one job, I propose to continue
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to interact with the events on Space Telescope until the job is successfully completed.

I can unequivocably state that 1 have the support of my management in following this

course.

Let me also say at this time, that the Perkin-Elmer Corporation is committed to

completing the job we started on Space Telescope in a manner that will reflect credit

on us all: That is doing the job and doing it well. In the conduct of our effort to date,

we have accomplished many difficult tasks, including, for example, polishing, coating

and mounting of the primary mirror. This mirror is recognized to be the finest of its

kind in the world. However, in achieving this and other program tasks, we have

contributed to and been the cause of many of the problems brought to your attention

during these hearings. I believe that the principal reason for this has been our

misjudgement of the technical complexity of several of the tasks required. As a result,

our forecasts of the resources required for these efforts were inaccurate and often late.

Today, I am firmly convinced that these problems are largely behind us. A majority of

the state-of-the-art flight hardware is at the Perkin-Elmer plant awaiting final

assembly, integration, and test. Based on tests conducted to date this hardware meets

or exceeds all original program specifications. Indeed, we at Perkin-Elmer are quite

proud of its status.

Nevertheless, the job remaining is still very demanding. The assembly and integration

activities which I noted earlier, required a level of precision in the ground support

equipment that has rarely been achieved for hardware of this type. Based on our

previous program accomplishments, however, we are confident that we will meet these

demands and continue to provide technical excellence throughout the program to its

completion. We recognize, in addition, that these efforts must be accomplished on

schedule and within projected costs. All of us at Perkin-Elmer are committed to

achieving all three of these factors.

Now rd like to introduce Mr. John D. Rehnberg, Vice President and General Manager of

the Space Science Division, who will present our answers to your questions.
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Statement of

Mr. John D. Rehnberg
Vice President, General Manager
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THE PERKIN-ELMER CORPORATION
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June 16, 1983

Mr. Chairman and Members of the Subcommittee:

Concluding our testimony during this subcommittee's Space Telescope Program

Oversight Hearing in May 1982, we acknowledged the Optical Telescope Assembly

(OTA) as a very challenging technical endeavor and identified several areas of concern

yet to be faced. We have achieved considerable progress on these concerns and on the

program in general. The publicity that the Space Telescope (ST) program has received

in recent months has raised the notion that the program is in grave technical difficulty,

and as a result less science may be accomplished. Be assured that is not the case; in

fact, the science results may be better than specified. Perkin-Elmer has its reputation

and pride at stake in a business area that has been one of our cornerstones since the

company was formed. We will do everything in our means to provide the science

community with a telescope equal to or better than what they have asked for. For the

public record, therefore, this testimony will review the technical requirements and

challenges from the program outset in 1977, our accomplishments, and the status of

recent technical concerns. I will also discuss factors affecting program growth, the

management improvements effected since May 1982, and the schedule to which we are

now committed with our partners: NASA, Lockheed and the ST Science community.

TECHNICAL REQUIREMENTS AND CHALLENGES

The original (1977) performance specifications of the Space Telescope are shown

in Figure 1. These demanding specifications have not been changed to this date.
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Without discussing them all in detail, I would like to mention the two principal

performance requirements which drive all elements of the Optical Telescope Assembly

design. These are the requirements relating to image quality and image stability.

Image quality requirements are stated as a \ /20 system wavefront error or a variance

of 1/20 of a wavelength of light (\/20) for periods up to ten hours. The image stability

requirements are stated as a 0.007 arc second line-of-sight error on a magnitude 13

guide star.

The major technical challenges associated with the Optical Telescope Assembly

were identified at the beginning of the contract in 1977 and these challenges are

summarized in Figure 2. They relate, of course, to those two principal performance

requirements identified above. They involve the stability of the primary mirror to

secondary mirror spacing, the stability of the focal plane structure supporting the

science instruments, the quality of the primary and secondary mirrors which control the

system wavefront error, and the reflectivity of each of the mirrors in order to provide

adequate performance in the ultraviolet region of the spectrum. Also of critical

importance is our ability to align the system on orbit using the wavefront sensors in

order to begin telescope operations. The noise equivalent angle error in the fine

guidance sensor when operating on an even fainter than magnitude 13 guide star is also

of critical importance. The following paragraphs review each of those issues and

describe the progress that has been made since project inception in 1977. In general,

each of these original challenges have been met and, in many cases, we have measured

performance data which show the telescope will meet all of its original performance

requirements.

TECHNICAL ACCOMPLISHMENTS

Metering Truss

Looking first at the question of stability of the secondary relative to the primary

mirror, the dominant term in the focus of the image formed by the telescope on orbit,

is controlled almost exclusively by the expansivity with temperature changes of the

structure we call the metering truss. This truss-like structure cantilevers the

secondary mirror some 200 inches or so in front of the primary mirror. The accuracy

required of that structure is such that it remain stable to within 199 millionths of an

inch for a period in excess of 2'f hours in the presence of temperature changes in excess
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of 30 degrees Fahrenheit. As a consequence, the structure is required to have a very

low coefficient of thermal expansion. The graphite epoxy metering truss (shown in

Figure 3) has been built and has been tested in a thermal vacuum chamber to simulate

the flight thermal environment. It has been demonstrated to meet or exceed all

performance requirements. For example, the actual spacing change of the metering

truss was measured as 71 millionths of an inch under the flight thermal environment.

The test results are sum marized in Figure ^.

Focal Plane Structure (FPS)

The focal plane structure is another major structure of the Optical Telescope

Assembly whose principal design requirement is one of stability. Because it relates the

position of the focal plane of the science instruments and the fine guidance sensors, it

is necessary that it not significantly expand or contract during the 2'»-hour exposure

period and in the presence of the changing thermal environment of low earth orbit. In

addition, the changing temperatures of scientific instruments, as they are switched on

and off to accomplish the observation program, should not impact the thermal stability

of the focal plane structure. For these recisons the focal plane structure is also

constructed of graphite epoxy to take advantage of its low coefficient of thermal

expansion and its light weight and high stiffness characteristics. It should also be noted

that the FPS is a strength critical structure, and thus is of primary importance.

The focal plane structure, shown in Figure 5, now has been completed, has been

tested, and shown to be stable in the presence of specified thermal changes.

Temperature Control

An important part of the structural staJjility question is that of temperature

control. The metering truss is wrapped in multi-layered insulation cind is temperature

controlled by entirely passive means. However, the focal plane structure which is

affected by temperature changes from the science instruments in intimate contact with

it, must be temperature controlled by active means to maintain the required precision.

To accomplish this, a large number of heaters are cemented to the focal plane

structure. These heaters are controlled by a large number of temperature controllers.

Ordinarily a temperature controller would be located remote from the heater, would

respond to a sensor in proximity to the heater, and modulate the power provided to the
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heater to control the temperature. Configured in this manner, the temperature

controller would consume power and thus not be 100% efficient. That is, some power

would be used in the controlling circuitry in the attempt to control the main power in

the heater. To conserve power and weight, a hybrid temperature controller was

developed for the OTA by Perkin-Elmer. This miniature' electronic circuit, shown in

Figure 6, is cemented to the structure with its heater. Since it is in close proximity to

the heaters, it not only reduces significantly the weight of cable required for the over

800 temperature controllers on the OTA, but also the power dissipated by the controller

contributes to the power provided by the heater to the structure and thus it is fully

utilized. Figure 7 shows a typical heater segment from the main ring with the two

temperature controllers shown in place.

In summary, with regard to image stability, at least as far as structural stability

is concerned, we have confidence that the specifications will be met. The metering

truss and the focal plane structure are the two dominant structures affecting image

stability. Each has been built, tested and shown to meet its performance requirements.

In addition, the heaters and the controllers required for the focal plane structure have

been built, tested and are now in the process of being installed on the focal plane

structure, as shown in Figure 8.

Optical Achievements

On the subject of image quality, I have mentioned that this is dominated by the

optical quality of both the primary and secondary mirrors. The Space Telescope

program has, without a doubt, produced the finest large primary mirror anywhere in the

world. The mirror has completed polishing, Figure 9, and its final figure quality

exceeds its specifications.

Coating the Optics

Upon completing the polishing of the primary and secondary mirrors, (Figure 10)

emd, having assured the quality of the image, it was necessary to coat the mirrors to

assure good photometric efficiency in the ultraviolet region of the spectrum. To this

end, a dedicated coating facility was constructed capable of applying an ultraviolet

reflecting film on the primary mirror. Such a coating chamber did not exist prior to the

Space Telescope program.
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After three years of design and construction, the dedicated coating facility was

installed eind checked out (Figure 11). After many more months of coating develop-

ment, the primary mirror was coated (Figures 12 cind 13) and its reflectivity in the

visible was measured. It exceeded the specifications by 10%. The secondary mirror

similarly has been coated and its figure queility verified to exceed specifications

subsequent to the coating operation. It is nearly certain, now, that the OTA system

wavefront quality requirement of V20 will be met as will the top level system

performance requirement for X/15. The reflectivity requirement at the Lyman-Alpha

line (in the ultraviolet) at 1216 cingstroms wcis established at the outset of the program

as being a reflectivity of 70%. Typically, coatings of that time had been designed to

achieve 72 or 73% reflectivity and that was about all that was expected from the

primary mirror. In fact reflectivity was measured at 78% and was extremely uniform

(within a percent or two) over the entire mirror surface. The secondary mirror, which

was coated in a more conventional facility, achieved a reflectivity of 73%. Thus the

two mirrors in combination will provide an optical throughput in the ultraviolet in

excess of the original requirements. The actual reflectivity of each mirror is

summarized in Figure I'f.

Mounting the Primary Mirror

The challenge, following the completion of polishing and coating the primary

mirror, was to mount the mirror in the main ring. This ring must be capable of

supporting the weight of the mirror, which is nearly 2,000 pounds, through a shuttle

launch and landing. In addition, while operating on orbit in the weightlessness of space,

the ring should impau^ no significemt forces or moments to the mirror. If it did through

launch, these forces or moments would distort the surface of the mirror emd degrade

the quality of the image. Thus, a very significant effort weis put forth to design and

implement a mirror mounting scheme that would induce mirror distortions as close to

zero as possible. The entire mounting and cissembly operation was conducted in a clean

room eind tested in a simulated zero "g" environment. That is, the primary mirror was

"floated" on a large number of support points rather like a giant bed of nails where each

of the nails is spring loaded to exactly support the weight of the mirror above it. In a

similar manner, the main ring - the large structural backbone of the telescope - was

also supported at a number of points. The mounting hardware which links the primary

mirror to the main ring was then installed and similarly off-loaded to simulate, the
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effects of weightlessness while the mounting operation was accomplished. While this

operation sounds simple, in fact it took many months to complete because at each step

of the way tests were conducted to insure that the mirror was in no way degraded by

the assembly operations that had taken place. Several of the steps in assembling the

mirror to the main ring are shown in Figures 15, 16, and 17.

This "strain free mount", as the zero "g" simulation is called, was completed

early in March of this year, and the final set of optical tests was conducted. These

tests proved that the primary mirror indeed was mounted to the main ring securely and

that the mounting operation had not degraded the primary mirror in any significant

way. The primary mirror still remains the finest mirror in the world and more than

adequate to the needs of Space Telescope.

Mounting the Secondary Mirror

Though it is often overshadowed by the primary mirror, the secondary mirror is

no less important. While significantly smaller (about 12 inches in diameter) than the

primary mirror and weighing much less (28 pounds), it needs to be mounted on a set of

actuators which are capable of positioning it in space on command from the ground. It

also needs to be mounted in a strain free condition. This mounting operation also has

been completed, and the secondary mirror is mounted in its assembly, shown in

Figure 18, with the actuators. Tests have shown it to be free of any mechanically

induced stresses or strains.

Optical Alignment

Alignment of these two optical elements - the primary and secondary mirrors - is

accomplished in orbit using the optical control subsystem, the key element of which is

the wavefront sensor. The type of wavefront sensor employed and the philosophy of

aligning an optical system in space had not been attempted previously. To prove that

the approach used would work, an engineering model of the optical control system

wavefront sensor was built (Figure 19) and tested in the laboratory. Test results have

shown the sensor to provide error signails which are capable of allowing secondary

mirror position errors to be determined. Based on these signads, ground commands can

be initiated to reposition the secondary mirror to the precise location required for focus

of the telescope. The residual errors associated with this operation have been specified
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to be less than l/87th of a wave, root mean square (RMS). Our engineering model tests

have proved that the residual wavefront error specification can be met by a system of

three white light interferometers and data reduction on the ground. The system

designed for Space Telescope has been shown to achieve the required telescope

performance.

Fine Guidance Sensor (FGS)

Next to the primary mirror, perhaps the most difficult challenge of all in the

Space Telescope program is the design and construction of a set of fine guidance

sensors, any one of which is capable of measuring telescope line of sight errors to an

accuracy of 0.0028 seconds of arc using a visual magnitude 13 guide star. These fine

guidance sensors, shown schematically in Figure 20, have been designed, and some of

the hardware has been fabricated or procured. The optical bench (Figure 21), star

selector servo system (Figure 22), photomultiplier tubes and the Koesters interferom-

eter prisms have all been built for the first unit. In addition, the fine guidance

electronics has been built as an engineering model (Figure 23). The principal task at

hand now is to complete the assembly of the first fine guidance sensor, and to subject

this assembly to a thorough testing program to insure that it works as a system and

provides the required error signals. The very sophisticated computer simulations which

have been conducted simulate the function of each element of the fine guidance sensor.

These simulations have shown that the system will work and will achieve the accuracy

required. This is not to say that completion of FGS development will be routine. The

FGS is a complex instrument which will require our best skills and dedication over the

next year. I will further address this topic later in this statement.

Summary of Accomplishments

In summary, solutions to each of the major technical challenges identified in the

program have been completed or are now nearing completion. All indications are that,

at completion, these solutions will be successful in meeting all of the original

performance requirements of the Space Telescope.

In terms of image quality - especially in the ultraviolet - performance is

expected to be superlative. We are taking precautions to ensure this with special

testing prior to shipment to LMSC.
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Using encircled energy at the Lyman-Alpha line (1216A j as a measure of

telescope performance, the OTA is predicted to exceed the originally (1977) expected

ST performance by a factor of about 4. Indeed, it exceeds the (197'») predicted

performance of the 3 meter Large Space Telescope by a factor of more than 2. This

comparison is summarized in Figure 2k.

RECENT TECHNICAL CONCERNS

Let me consider some of the technical challenges which evolved during the

course of the program; that is, those challenges not clearly identified at the beginning

of the program. One of these was the problem of designing and building a set of

latching mechanisms to enable replacement of science instruments on orbit. In

addition, there have been problems associated with the strength of graphite epoxy

particularly in the flexure foot of the focal plane structure. The control of

contamination - particularly dust particles in the vicinity of the primary mirror - has

also been a larger than expected problem. A summary of the status of each of these

problem areas is presented below.

Instrument Retention Mechanism (Latch)

In addition to the performance requirements for Space Telescope and the

scientific objectives that were established at the outset of the program, a number of

requirements to be achieved by the program not relating specifically to the science but

relating to the provision of a long term national facility were also set forth. One such

requirement was to provide a facility capable of technical update and repair on orbit.

Thus, each of the scientific instruments and a significant number of the electronic

boxes would be capable of replacement on orbit. As noted previously the scientific

instruments have very stringent requirements in terms of their alignment relative to

the optical axis of the telescope facility. In addition, it is necessary to provide a

telescope facility capable of accepting a wide variety of instrumentation, not just those

built for the first flight. Thus, the focal plane structure and its associated latches for

the scientific instruments, need to accommodate the widest possible spectrum of

scientific instrumentation.
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This requirement imposes the need to design a set of general purpose latching

mechanisms capable of achieving alignment requirements smaller than one tenth of a

thousandth of an inch, of supporting the weight of an instrument (700 pounds) through a

shuttle launch, and of accommodating wide changes of temperature on the instruments.

These requirements need to be met without distorting the focal plane structure and

without significant heat flow to or from the science instruments. These sometimes

competing design requirements coupled with the need for strength and stiffness in a

large structure resulted in a very complicated set of latches. At present, these

challenges are mostly behind us. The latches are designed, and a number of each

configuration have been built. Testing to date has been successful. With completion of

testing, the modifications to improve frictional characteristics is underway and

completion of assembly of all latches is not anticipated to result in any additional

problems. Some of the latches are shown in Figures 25, 26, 27.

Focal Plane Structure

This is the first program which has extensively used graphite epoxy in strength

critical structural applications. While this material has been used in the past for

optical benches, and while Perkin-Elmer has used it many times for such applications,

such use required stability and stiffness, but rarely strength. In the case of the focal

plane structure, we are dealing with an optical bench capable of supporting five

scientific instruments and three fine guidance sensors weighing a total of over i^iOQ

pounds. Thus, in the Space Telescope the focal plane structure has to support all that

hardware through a shuttle launch and landing. As a result, strength becomes a critical

parameter in the design of the focal plane structure. The region of the focal plane

structure known as the flexure (Figure 28) is a blade of graphite epoxy which interfaces

the focal plane structure to the aft face of the main ring. This blade takes the entire

weight of the structure, the fine guidance sensors and the scientific instruments. The

lower section of this element, called the flexure foot, was strength tested and failed

when subjected to the shuttle loads. After a very extensive design analysis activity a

redesigned flexure foot was built, tested and was proven successful. That repair has

now been implemented on the flight focal plane structure, and is shown close up in

Figure 29. Each of the flexure feet are now sandwiched in a titanium fitting known as a

titanium boot. The boot is bolted through the flexure and, in addition, is bolted to the

main ring thus providing the reinforcement necessary in the critical region of the
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flexure foot. Tests have shown that the flexure feet and the flexures are adequately

strong. Again, that problem is behind us and the necessary repair has been imple-

mented.

Contamination

A remaining concern relates to contamination in the form of dust particles and

hydrocarbon contamination on the primary mirror. It should be noted that the primary

mirror has been kept in a clean room ever since it was coated in December of 1981.

Further, that clean room is well maintained and the air quality is monitored contin-

uously. Nonetheless, no clean room is perfectly clean and some dust particles are

always present. Therefore, over a period of time, an exposed surface will gather dust

even in a clean room; and the primary mirror proved to be no exception. This has

proved to be the case even though the mirror has been covered while it was not actually

being worked on, e.g., interferometric testing. In the intervening year and a half since

the mirror was coated, dust particles have settled on the mirror surface. The question

now is what to do about that. Is it acceptable to leave as is or should some attempt be

made to clean the mirror? It was recognized that any attempt to clean the mirror has

an attendant risk of damage to the mirror coating. Significant analyses have been

recently conducted. Samples of the dust have been gathered and photographs of the

dust particles have been made in order to count their number and to measure their size.

Preliminary conclusions are that in the ultraviolet regions of the spectrum the primary

mirror is marginally acceptable as is. In the visible regions of the spectrum the primary

mirror will be adequate as it is at this moment.

The concern remains, however, that the primary mirror will accumulate more

dust before the Space Telescope is launched. Thus some performance margin is needed

to accommodate the additional dust buildup which is inevitable between now and the

launch date. Perkin-Elmer is, therefore, planning a cleaning activity which will be

conducted as late as possible, probably in the summer of 198'f, and will result in the

removal of a significant portion (but not all) of the dust particles on the mirror. The

cleaning mechanism to be used is currently envisioned as a benign operation in which

the dust is blown with clean dry air or filtered nitrogen and simultaneously vacuumed

away with a vacuum hose. Tests to date have shown this approach to result in a

successful removal of small dust particles. A proper cleaning fixture needs to be

10
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designed and fabricated between now and next summer. The cleaning operation would

be conducted with the mirror placed upside down so that no hardware has to be

supported above the primary mirror with the risks attendant to that operation.

Measurements have shown the dust at this moment obscures no more than two tenths of

1 percent of the primary mirror surface.

In addition, reflectivity measurements of witness mirrors placed and maintained near

the primary mirror at all times have shown no evidence of molecular contamination.

Due to the significance in the UV spectrum of this type of contamination, however, we

are considering the advisability of direct measurements on the primary mirror surface.

Such contamination would be significantly more difficult to remove, and more damaging

in its effect. We do not expect any hydrocarbon contamination but we will continue to

monitor for it and test as appropriate, to ensure the ultraviolet throughput is

guaranteed at launch.

Based on the above data, we are confident that by the time the OTA is shipped

from Perkin-Elmer it will be a clean telescope with a high performance set of optics.

These optics will essentially not be degraded by the assembly process, by handling in the

plant or by any contamination that may have resulted in the intervening years.

FGS Interferometer

During the Phase B studies in 1973-75, an interferometric form of fine guidance

sensor was selected as being the best way of achieving sensitivity to pointing errors as

small as 0.001 arc second. This form of sensor was built and demonstrated in the

laboratory by Perkin-Elmer in 1976.

Recently some of the flight interferometers tested exhibited anomolous transfer

characteristics. Since we had previously shown the interferometer scheme to work, we

were sure that the anomaly was peculiar to that particular test and not generic to all

interferometric fine guidance sensors. After thorough analysis and further testing, the

problem has been isolated to the manufacture and test methods employed to make

11
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the interferometer prisms. These methods have been revised, and those prisms in the

laboratory which were faulty are being reworked.

While we are confident that there are no known fundamental design problems in

the FGS, additional effort will be required in resolving Koesters prism fabrication and

assembly difficulties. The FGS assembly, alignment and testing will present a

formidable effort requiring the application of our highest skilled optical work force.

FACTORS AFFECTING PROGRAM GROWTH

In previous remarks to the committee, we expressed optimism that we could

deliver the OTA in December 1983, within the cost projected at that time. This

confidence was based on the quantity of critical hardware already on hand, and the

progress we had made to that point in meeting technical challenges on the program,

including especially the successful completion of polishing and coating the primary

mirror.

However, as we also pointed out during last year's hearing, almost all hardware

on the OTA is state-of-the-art, and some very difficult tasks still lay ahead.

As you know, we have had to extend the OTA delivery date by almost a year, and

request additional funds from NASA to carry this program to completion. It is

reasonable to ask, "what happened to disrupt our plans and preclude the shipment of

OTA in December 1983."

Although many factors were involved, basically our problems resulted from a

combination of our underestimating technical challenges, and the cumulative effect on

funding shortages resulting from the inability to predict, in sufficient time to meet the

budget cycle, the cost of meeting these technical challenges. This funding shortfall, in

turn, resulted in elimination of development testing, cut backs on critical support

hardware, interruption in certain development efforts, and in general, operational

inefficiencies.

At a time when we should have been increasing program manpower to address

technical problems and changes in work scope, we had to actually reduce manpower to

conform with budget estimates made two years earlier.

12
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Figure 30 notes some of the effects of funding constraints on program activities,

and outlines other factors which contributed to program growth over the life of the

program. These factors are;

INFLATION

Our cost projections were seriously affected by inflationary pressures. Whereas

our approved quoting rates for labor contained approximately 5% escalation,

general economic conditions during late 1970's and early 1980's forced our actual

labor costs up at a rate significantly higher than the rates used to estimate

program labor costs. Likewise, costs for materials escalated at even higher

rates. Figures 31 and 32 address this factor.

SUCCESS ORIENTED APPROACH

The approach to the OTA program was success oriented. That is, in our program

planning, very little schedule margin was allowed for problems or unknowns, and

the amount of funds held as "reserves" was obviously inadequate.

TECHNICAL PROBLEMS

Like any development program, the OTA hcis experienced technical problems

which contributed to program growth. Major challenges are summarized in

Figure 33 and were discussed previously in this report.

PROGRAM CHANGES

Although program changes are common in development programs like the OTA,

the number of changes resulting from previously discussed challenges and

problems have been significantly higher than expected.

INTERFACE - REDEFINITION

OTA interfaces, (>articularly as influenced by the Space Transporation System

(STS) flight experience resulted in significant schedule and cost impacts to the

program.

13
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MANAGEMENT IMPROVEMENTS

By December 1982, it became apparent that the December 1983 OTA delivery

could not be supported. Consequently, Perkin-Elmer and NASA implemented an

exhaustive effort to critically review all program activities. This effort included a re-

examination of our management techniques and revising our approach to a number of

crucial program areas such as Development Hardware, Test Programs, and Operational

Support (especially Program Spares). This comprehensive analysis of the program

disclosed certain deficiencies for which corrective actions have been taken. Figure 3**

summarizes these actions. We placed particular emphasis on the following areas:

ORGANIZATION

There was an obvious need to strengthen the OTA organization. During the

summer of 1982, Perkin-Elmer hired Mr. Don Fordyce as our new Program

Director for OTA. His successful experience in managing space programs, in

both industry and government, immediately contributed to an improvement in

overall leadership for the OTA program. This addition significantly enhanced our

ability to communicate with NASA management concerning program progress,

concerns and resource requirements.

Program audits conducted earlier this year revealed the need to further

strengthen the OTA project team, and as a result, the following actions were

implemented:

o We restructured the program to strengthen the OTA Program Office by

adding two Deputy Program Directors, one for the Opticed Telescope

Assembly and one for the Fine Guidance System/Optical Control System.

Both Deputy Directors have been involved on the OTA program since its

inception.

o We also named an Assistant Program Director - Engineering, to coordinate

day-to-day engineering activities across the program.

o The former Deputy Program Director - OTA, was appointed Chief Engineer

for the OTA program and Director of Engineering for the Space Science

14
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Division. His charter is to provide overall technical guidance for the

program, and increase focus on OTA within the Space Science Division.

o We staffed and colocated subsystem teams for Fine Guidance

System/Optical Control Sensor (FGS/OCS), Primary Mirror

Assembly/Secondary Mirror Assembly (PMA/SMA), Focal Plane Assembly

(FPA), Ground Support Equipment (GSE), and Special Test Equipment (STE).

o We implemented a staffing buildup to increase manpower, especially in

critical areas.

These changes have resulted in a more cohesive effort across the program, and

improved coordination both internally at Perkin-Elmer, with NASA, and the

associate contractor.

Organization charts for Perkin-Elmer's Optical Group, Space Science Division

and ST/OTA follow as Figures 35, 36, and 37.

PROGRAM CONTROLS

Our joint investigation with NASA clearly indicated deficiencies in the area of

program controls. Improvements were needed to increase program visibility at

all levels of management and to avoid surprises by improving the timeliness and

quality of the information generated on program status.

To further strengthen the program team and provide for greater accountability

in the area of cost and schedule, more frequent reviews were established at all

levels of the program. These reviews range from twice daily meetings at the

level of task leaders, daily meetings with the Division Manager, twice weekly

meetings with the Executive Vice President, and quarterly reviews with the

Board of Directors.

The OTA Program Office was strengthened by the addition of six Performance

Measurement specialists, each responsible for maintaining the critical review of

milestones and cost for each major subsystem. Also, six Schedule Planners were

added to monitor and maintain the overall system, and individual subsystem

15
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schedules. To enhance our scheduling skills, Perkin-Elmer procured a computer-

ized scheduling system to provide OTA program management with real time

response to schedule workarounds/impacts. These efforts will strengthen the

work package system used on the OTA program by providing for enforcement of

cost and schedule accountability and reporting by all levels of mamagers and

team leaders.

FACILmES AND GSE/STE

As the program proceeded into the hardware assembly, integration and test

phase, we recognized that greater emphasis needed to be placed on allocation of

specialized facilities and the availability of support equipment. We have,

therefore^ allocated 5,000 square feet of additional clean room facilities to OTA

for these purposes.

A team of senior Perkin-Elmer technical personnel conducted an independent

technical audit of Ground Support Equipment and Special Test Equipment. As a

result, a number of new equipment items were identified, the design of some

items was simplified, and some items were eliminated. To minimize schedule

impact, a decision was made to subcontract fixtures and dollys, which Perkin-

Elmer had formerly planned to do in-house. Also NASA assumed responsibility

for the OTA Shipping Container. The net outcome of the audit wais that NASA

approved Perkin-Elmer's recommendations calling for additional funds for

equipment necessary to improve the handling, transporting, aligning and testing

of the OTA hardware. Subsystem teams responsible for all GSE/STE activities

were assembled and are working to assure that GSE/STE plans auid hardware are

available to fully support the OTA and FGS/OCS program requirements.

SCHEDULE

Perkin-Elmer developed forecasts in December 1982/3anuary 1983 which

although high in technical and schedule risks, could have resulted in OTA delivery in

June 198't. Subsequent adoption of recommendations made by Perkin-Elmer to reduce

FGS development risk, and the addition of NASA directed thermal vacuum bakeouts to

reduce risks of moleculeir contamination resulted in the current OTA ship to LMSC date

16
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of November I, 198f • The current OTA schedule at the summary level is attached as

Figure 38.

SUMMARY

Throughout the OTA development activities, adherence to the original technical

specifications has been maintained; not one of the original requirements has been

reduced. The scientific community was delighted to learn of the excellence of the

primary mirror. We anticipate continuing such achievement in support of the very

important science mission of Space Telescope.

The schedule slippage encountered has been the result of two basic reasons:

technical problems - nearly every OTA subsystem presses the state-of-the-art; annual

fiscal constraints, which restrain the ability to overcome technical difficulties.

Attendant to these difficulties and slippages has been an increase in program cost.

There remains an acute awareness of the difficulties and importance of the ST

program. We are working to a detailed plan which should require little, if any, future

modification. Almost all of the flight hardware is in-house and final assembly and test

are underway. We haven't always been in a position to anticipate the unexpected and

our response, on occassion, may have been slower than would have been preferred, but

Perkin-Elmer is now in a position to solve any problems which might arise. The changes

in organization, staffing, and program controls have greatly benefitted the Space

Telescope program. Challenges still remain ahead but we are dedicated to deliver the

best astronomical telescope, meeting all the original program requirements, ever built.

17
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Question 1;

Mr. Kelley, within the Optical Group what is the percentage of the group's total effort

which is being devoted to the Space Telescope activities?

Response;

The Space Telescope I>rogram currently accounts for 35 to ^O percent of the Optical

Group's total orders. In prior years, this program accounted for 23 to 30 percent of the

Group's total effort.
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Question 2:

Mr. Kelley, how would you characterize the work performed within the Optical Group —

is it mostly government or commercial? Is it mostly research and development or

production?

Response:

Work currently performed within Optical Group is nearly all government-sponsored and

largely research and development.
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Question h

(a) Mr. Kelley, within the Optical Group what is the percentage of fixed price

effort compared to cost plus contract effort?

(b) Are you aware of any mischarging of labor or materials from your fixed

price contracts to your cost plus contracts?

Response:

(a) The Optical Group's business is currently 78 percent cost-type contracts.

The Danbury, Connecticut facility where the Space Telescope Program is

being performed has 95 percent cost-type business.

(b) No!
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Question 4:

Mr. Rehnberg, how does the level of complexity and technical challenge of the Space

Telescope Optical Telescope Assembly and Fine Guidance Sensor compare with other

development undertaken by Perkin-Elmer?

Response:

The level of complexity and technical challenge inherent in the OTA - while a logical

extension of Perkin-Elmer's earlier development efforts - represents a significant

advance from the previously established state of the art in many fields.

In the past, we have produced 32 and 36 inch diameter, high quality (X/25) mirrors for

OAO-Copernicus and Stratoscope n, as well as many 12-to-18-inch-diameter, super

high quality (X/lOO) mirrors for ground-based use. Before the current development

contract and as part of the technology demonstration efforts, Perkin-Elmer successfully

polished a 60-inch mirror to a smoothness of A/65. It had the flexibility of a 3-meter

mirror and was the highest quality, large mirror yet fabricated. Still, no one had

polished a ?f-inch diameter, lightweight mirror to super high quality for applications in

space.

Perkin-Elmer has extensive experience in high-reflectivity mirror coatings in the

ultraviolet. However, when the program began, the coating chamber and the

technology to coat the mirror to the required level of uniformity did not exist. Perkin-

Elmer set about creating both the chamber and the technology.

Similar development was required in

o Structural Stability Analysis

o Fine Guidance Sensor Technology

o Spacecraft Temperature Control

o Graphite Fiber Reinforced Epoxy Technology

o Optical Metrology Technology.

In each of these areas, Perkin-Elmer had directly related experience that had to be

applied to the extension of the current state of the art.
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Question 5:

Mr. Rehnberg, with regard to the effort associated with coating the optic, how did the

actual costs and time required compare to the original projections?

Response:

See the insert provided for line 1802 on page 77 of the testimony transcript.
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Question 6:

(a) Mr. Rehnberg, could you elaborate on the problems incurred with the latch

mechanism development?

(b) Why did you switch to a tungsten carbide coating?

(c) Why was tungsten carbide not considered in the first place?

Response:

The following references answer all parts of this question: lines 1815 through 1833 on

pages 78 and 79, and the insert provided for line 18^*1 on page 79 of the testimony

transcript.
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Question 7;

What was the cost growth and schedule delay associated with the redesign of the focal

plane flexure foot?

Response!

Please see the testimony inserted at line 1850 on page 80 of the transcript.
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Question 8:

Mr. Rehnberg, in your testimony you state that in the ultraviolet regions of the

spectrum the primary mirror is marginally acceptable. Could you elaborate on what

you mean by marginally acceptable?

Resportse:

I described the Primary Mirror as "marginally acceptable" in the ultraviolet because of

the particulate contamination known to be on the mirror's surface.

The deleterious effects of dust particles arc more severe at short wavelengths

(ultraviolet) than at longer wavelengths (visible and infrared). Anadyses have shown

that, when the faintest stellar objects are viewed in the presence of very bright objects,

the ultraviolet light scattered from dust particles will approximately equal the dark sky

in the background, thus just beginning to compromise the quality of the image.

The mirror's reflectivity is essentially unchanged ; it is the light scattered by the dust

particles to form a higher background intensity that causes the problem.

In the spectrum's visible and infrared regions, the effect of dust is much less noticeable.
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Question?:

(a) How will you protect the mirror from contamination during the three years

remaining before launch?

(b) Have the contamination problems associated with maintenance and

refurbishment activities been carefully evaluated?

(c) How will you protect the mirror during retrieval and landing operations of

the Space Shuttle?

Response:

(a) Perkin-Elmer plans to clean the mirror during the summer of 1984.

Cleaning will remove most of the dust particles now on the mirror - but not

all of them. Very soon after cleaning, a new primary mirror cover could be

installed to seal the mirror's surface inside a closed vacuum. As conceived,

this cover would be flexible to allow for atmospheric pressure changes, with

the air inside the cover remeuning at Class 10,000.

Perkin-Elmer envisions this cover's being removed from the fully assembled

Space Telescope shortly before launch. It could be removed earlier, but

once removed, it could not be re-installed. We recommend that this new

cover, if accepted by NASA, remain in place at least through the SPs

Acoustic Test at LMSC and preferably through delivery to KSC for launch

preparations.

(b) Mission planning for Space Telescope's maintenance and refurbishment is not

now included in Perkin-Elmer's OTA Contract, and thus Perkin-Elmer has

not carefully evaluated these activities with respect to any potential

contamination problems. Maintenance and refurbishment are being studied

by LMSC under contract to MSFC.

(c) The Primary Mirror will be protected during retrieval and landing operations

by the STS's bleed-in filter systems and by the ST's closed aperture door. It

is likely that re-entry and landing will contaminate the primary and

secondary mirrors with a dust layer that will require some level of

disassembly and cleaning.



242

PR-825

Question 10:

(a) Mr. Rehnberg, if molecular contamination were discovered, how would you

remove it?

(b) Are the procedures for the molecular cleaning process already developed

and understood?

Response:

(a&b) We have empirical evidence that there is no molecular contamination from

checking our witness samples. However, should molecular contamination occur,

the amount would have to be evaluated, and, if it's excessive, cleaning would be

necessary. No procedures are ready for cleaning molecular contamination from

the OTA's mirror surfaces. Such procedures would have to be developed from

laboratory procedures. A wash may be used; however, this could degrade the

surface, possibly requiring that the mirrors be disassembled and recoated. This

would have a severe effect on the program.

10
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Question 11:

(a) With regard to the Koesters prism needed for the Fine Guidance Sensor,

could you characterize the fabrication and assembly difficulties?

(b) Is this problem primarily one of quality control?

Response:

(a) The fabrication of the Koesters prism is characterized by the difficulties of

finishing the surfaces of two pieces of glass to a very small difference

(X/15) in optical path. The fabrication process requires very precise

surfaces and very precise and uniform coatings applied to those surfaces.

The assembly is characterized by the need to achieve optical contact

between the two halves of the prism and to mount the unit in a way that

leaves no stresses in the glass.

(b) The fabrication difficulties may be seen, in part, as a quality control

problem because the quality control techniques used originally were not so

sensitive and quantitative as they needed to be. New, more precise

inspection techniques, accompanied by new supplemental specifications, are

being applied and will improve the quality control to the level required.

11
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Question 12:

Perkin-Elmer has been criticized for deficiencies in detailed work planning and

scheduling. What type of work planning and scheduling system do you use?

Response:

The system is a PERT (Performance Evaluation Review Technique) network with

associated man-loading for controlling schedule and labor cost.

Further elaboration can be found in the testimony transcript starting at line 22't8 on

page 97.

12
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Question 13:

Mr. Rehnberg, in your testimony, you note that the number of changes in the OTA

program have been significantly higher than expected. Could you elaborate on this?

Why so many changes?

Response:

Please see the response provided as an insert at line 2031 on page 88 of the transcript.
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Question 14:

In your testimony, Mr. Rehnberg, you state that OTA interfaces, particularly as

influenced by the Shuttle, resulted in significant schedule and cost impacts.

(a) Could you be more specific with regard to these interface changes?

(b) What is the total cost and schedule impact associated with these interface

changes?

Response:

Both parts of this question are answered in the transcript beginning at line 2036 on page

89 and in the insert provided for line 2052 on the same page.

14
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Question 13:

Additional schedule and costs have been added to perform thermal vacuum bakeouts.

(a) Do you agree that these bakeouts are needed?

(b) What is the additional cost and schedule delay associated with this activity?

Response:

(a) Perkin-Elmer agrees that additional bakeouts are needed to reduce any

possible risk of hydrocarbon contamination on optical surfaces. The

program has already paid the premium to ensure that the hardware is kept

uncontaminated, and there is no evidence of contamination on the principal

structures. The consequences of contamination are severe, and all actions

to reduce that risk should be taken.

(b) The initial estimate for baking out the Focal Plane Structure included an

approximate delay of two months in the delivery of the OTA. Subsequently,

restructuring of the program and additional bakeouts of the Fine Guidance

System and other parts have reduced this estimate. As a result of

restructuring the program to include this additional testing of the FGS, the

cost resulting from the bakeouts is expected to be approximately $1 million

with shorter delays than originally predicted.

15
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Question 16:

(a) Is it desirable to be able to reprogram the Fine Guidance Sensors on-orbit?

(b) Will this capability be available?

Response:

(a) In a strictly technical sense, it is desirable to be able to reprogram the Fine

Guidance Sensors on orbit. Such capability would provide the ultimate

flexibility in meeting off-nominal and unexpected conditions.

(b) The Fine Guidance Sensors are not fully reprogrammable in that the

electronics do not contain Random Access Memories (RAMs). Instead, the

Fine Guidance Sensors employ Programmable Read-Only Memories

(PROMs), which are pre-programmed on the ground, with performance

adjustments made by changing and reloading some forty calculation

constants from this group to the on-orbit spacecraft.

The decision to use PROMs instead of RAMs was made after such factors as

complexity, power requirements, the RAM's susceptibility to radiation

damage, and up-link requirements were considered. Given these factors and

recognizing programmable flexibility elsewhere in the Space Telescope, we

have been unable to establish any firm justification to incur the increase in

cost and schedule associated with changing from PROMs to RAMs in the

Fine Guidance Sensors-

Mr. VoLKMER. We will now proceed with questioning under the

5-minute rule. The gentleman from California is recognized.

Mr. Brown. Mr. Rehnberg, could you describe this mirror for me
a little bit more? I understand it weighs about a ton; is that right?

Mr. Rehnberg. Yes, sir. The mirror is 96 inches in diameter, ap-

proximately a foot thick. It is made of ultralow expansion fused

silica. The manufacturer of the mirror is Corning Glass Works. The
core of the mirror is made of a labyrinth of slots of ULE glass also,

similar to an egg crate. We call them egg crate constructions.

It is formed in a slump form, one supplied to us by Corning. In

that form the surfaces are rather rough. It weighs about 1,800

pounds. When we receive the mirror, then we begin the grinding
and shaping of it to prepare it for the optical figuring necessary.

I would say if we had an equivalent piece of glass, if it were a

solid, it would weigh at least three times that, so it would be about
6,000 pounds.
Mr. Brown. That is what I was interested in. Just juggling the

numbers, it looked to me as though it ought to weigh a lot more
than that. I am interested in how you achieved that.

Is it possible to achieve a lighter-weight mirror than that?
Mr. Rehnberg. Yes, sir, it is. One could achieve, perhaps, a few

hundred pounds reduction consistent with conservative state of the
art, and if one wanted to assume more risk, one could perhaps even
reduce that more than that—risk being in terms of on-orbit per-

formance. I would say that the form that we are using is a rather
conservative form.
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Mr. Brown. Is there another technology that can be used or seg-

mented lightweight mirror that is computer controlled?

Mr. Rehnberg. Yes, sir.

Mr. Brown. Do they exist or are they just conceptual?

Mr. Rehnberg. They do exist. We had development programs for

Marshall Space Flight Center as long ago as 15 years with that

type of technology. There have not been any successful flights of

forms of that type, to my knowledge.
I believe at the time of the program inception, which was 1973 to

1975, during the phase B, I think we had to with NASA select an
approach which had minimum development risk.

As a matter of fact, at that point in time we did have an ap-

proach which, although it was a monolith, could have been lighter.

Again, because of technical risk, no form like that had been carried

forward. The decision was made to stick with the design that we
currently have.
Mr. Brown. What is the meaning of molecular contamination?
Mr. Rehnberg. Let me just be brief on that, if I might. I am not

an expert. I am not a spectroscopist.

Hydrocarbons are very deleterious to the ultraviolet reflectivity

that is of so importance to the science community.
Most manufacturing operations have with them attendant atmos-

pheres which have hydrocarbons in them. For example, when you
machine a piece of aluminum or when you do most operations,

they are wet machines with oil. If you do not remove all of that oil,

all of that film, it could outgas in space and then redeposit on the

surface of the mirror. That redeposition would absolutely annihi-

late the reflectivity of the primary.
What we have to assure ourselves, NASA, and the science com-

munity is that during all operations in preparation of the telescope

that no hydrocarbon contaminants can be redeposited on the pri-

mary or the secondary optics.

Mr. Brown. On any of the components is what you are saying?

Mr. Rehnberg. On the reflective components.
Mr. Brown. You are not saying that it could outgas from other

components other than
Mr. Rehnberg. W^ell, it could outgas from one component and re-

deposit on the primary. Therefore, you have to control all the ma-
terial going into the space telescope and assure yourself that there

are no hydrocarbons present, and to take the precautions for that,

as evidenced by Dr. Martin last year, we are now vacuum outgass-

ing all major structures, all parts, and all cables in the program.

That is a major activity ongoing right now.
At elevated temperatures in a hard vacuum or a space vacuum

environment, all of these large structures are now being subjected

to these kind of conditions, to remove any possible molecular con-

taminant that would be there.

Mr. Brown. What assurance do you have that this successfully

removes it?

Mr. Rehnberg. What is done in this process, we have residual

gas analyzers attendant to the chambers. We monitor the outgas

constituents coming off. We operate the subsystem at a higher tem-

perature than it will fly at. The vacuum levels or the simulated

space levels are probably as good or harder than we would see in
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space. If we see nothing, then we know things are OK. If we do get

something, then we would naturally keep it in the chamber until

the residual levels were down to acceptable levels.

Mr. Brown. You think that is not going to be a problem in terms

of the actual performance when it gets into space.

Mr. Rehnberg. I do not believe so, if we take the right precau-

tions.

Mr. Brown. I have no further questions.

Mr. VoLKMER. Thank you.

The gentleman from Florida is recognized.

Mr. MacKay. I have no questions.

Mr. VoLKMER. The gentleman from Virginia is recognized.

Mr. Bateman. Thank you, Mr. Chairman.
Mr. Rehnberg, there was a term on your chart that I am not

sure that I fully understood what it means—"technical redirec-

tion." Can you explain what that means? It sounds like one of

those things we invent here in Washington.
Mr. Rehnberg. Do you recall which chart it was, sir?

Mr. Bateman. No, I am afraid I do not. It was in the discussion

as to factors which led to delays.

Mr. Rehnberg. Oh, I see it. Yes, sir. I have it right here. OK. I

was just trying to get the context.

Program changes—a program of this nature, which is highly

complex and sophisticated, is such that we start off with specifica-

tions from our customer, NASA, and we are designing and building

to that specification. Now there could very well be changes in the

program that we do not initiate. Let's say one of the associates

—

let's say the Europeans need a different interface requirement for

their science instrument. The way that would be manifest would be

in the form of a technical direction to us from NASA. Then it

would either be considered—either we could accept it and do it or

there might be some costs associated with performing that activity.

Mr. Bateman. The reason I asked the question, what you just

said sounds to me like the rather typical, normal change in specifi-

cations, change in plans, based upon a more full perception of need,

function, or scientific innovation. Do they really mean the same
thing? Is this just a change in the specifications based upon techni-

cal observations or experience gained during the
Mr. Rehnberg. It could be a combination of both. As we get into

the design of the activity, maybe mutually we find a better way of

meeting that requirement. We could both change our require-

ments, and that is all part of the integration activity associated

with a program of this type.

Mr. Bateman. Do you have any perception that the technical re-

directions have been excessive beyond what would normally be ex-

pected or desirable, or perhaps that you have had technical redirec-

tion which was doing horrendous things to time schedule but of

marginal significance? Could you give me some qualitative apprais-

al as to

Mr. Rehnberg. I think all of the technical direction or redirec-

tion we received was substantive and when necessary.
One of the problems that may have resulted is that in accommo-

dating some of these redirections, as I mentioned during the brief-

ing, staffing levels, of necessity, due to funding limitations that
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were established in prior years, may not have allowed us to fully
evaluate all of these technical redirections.
Mr. Bateman. At the bottom of page 12 of your statement, you

make reference to having to reduce manpower to conform with
budget estimates. From what you have just said, was it part of that
necessity that technical redirection was eating up manpower and
budget beyond what as originally expected and, therefore, you were
not able to employ additional people that you otherwise would
have employed but for the technical redirection?
Mr. Rehnberg. That is part of the situation. In other words, we,

in preparing for budget cycles, will establish what we think, our
funding needs will be 2 years in the future, anticipating again a
success-oriented program, as was indicated earlier in the testimony.
We then have, in a high-tech program such as this, technical prob-
lems that have to be resolved like the solution to the flexure foot
problem. We then also have to accommodate changes which are di-

rected upon us, because if we cannot accommodate them, we have
other people waiting on us.

In a situation where we are underfunding constraints now be-
cause of the fact that we helped establish what the funding levels
were, the ability to respond to these becomes very difficult without
impacting some other part of the program.
Mr. Bateman. One other aspect of this—and I guess it is because

the technology is substantially above my level, but the inflation
factor that is discussed on page 13 of your statement—certainly in-
flation was much with us during the late 1970's, as is suggested,
and into 1980. Starting at least January 1981, it has been a declin-
ing factor, probably more significantly declining than most people
\vould have estimated 2 or 3 years before 1981. In view of a lesser
inflation rate since 1981, are we going to have some positive cost
implications for the remainder of the contract?
Mr. Rehnberg. I think our financial people inflation factor esti-

mates are pretty much in line with what we were anticipating at
that time. I think for about the last year we were using models
within a few percentage points of what we are seeing and realizing
right now.
The problems with inflation that we realized had to do with an-

ticipated costs at the beginning of the program, attendant with
what we were entering into during the late 1970's and early 1980's,
and the cost of manpower that was estimated in 1977 versus what
it was in 1982 and 1983.

Mr. Bateman. I can certainly understand that estimates in 1977
for the period there until late 1980 might have been under, but
over a longer-term contract it would seem as though somehow or
another there ought to be a little balancing of the scales on this
inflation factor.

Mr. Rehnberg. Perhaps we can get you an answer for that, if

that would be appropriate.
Mr. Bateman. That is fine.

Thank you, Mr. Chairman.
[The information follows:]

Our original projections were based on the rates of inflation in 1976 and 1977, ap-
proximately 5 to 6 percent per year. The following table shows the actual escalation
of our labor costs from 1976 through 1982.
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Average of labor escalation factors experienced
Percent

P-E fiscal year: escalation

197fi 5.5

1977 5.8

1978 4.9

1979 8.3

1980 10.1

1981 8.7

1982 9.9

Our vendors were experiencing escalating labor costs similar to our own. On the

basis of these trends, it appears unlikely that the inflation rates for the remainder

of the OTA Program could return to our originally estimated levels.

Mr. VoLKMER. I have several questions.

Mr. Kelley, I appreciate your statement, the part of your state-

ment where you say that the principal reason or cause of many of

the problems has been our misjudgment of technical complexity of

several of the tasks required. I would like to know, within the opti-

cal group, what is the percentage of the group's total efforts devot-

ed now to the Space Telescope activity?

Mr. Kelley. I would estimate that 50 to 60 percent of the total

optical group effort is being dedicated to this program at this time.

That has not been true, of course, for the entire program, but at

this particular time and for the past 6 months it has been some-
where in the vicinity of 50 to 60 percent of the total effort.

Mr. VoLKMER. As against about May of 1982 when we had hear-

ings on this, how much would you say it was at that time?
Mr. Kelley. I would say 30 percent perhaps.
Mr. VoLKMER. The rest of the effort in the optical group, is that

on a commercial or Government
Mr. Kelley. It is all on Government.
Mr. VoLKMER. The rest of it is all on Government?
Mr. Kelley. Yes.
Mr. VoLKMER. What is the percentage of fixed price effort com-

pared to cost-plus contract effort within the optical group?
Mr. Kelley. I would guess we are above 90 percent cost plus.

Mr. VoLKMER. What is the fixed price on what type of

Mr. Kelley. Government contracts of tactical weapon systems.
Mr. VoLKMER. Are you aware of any mischarging of cost plus or

fixed price to cost plus?
Mr. Kelley. Ab'^olutely not.

Mr. Volkmer. I am not saying there was.
Mr. Kelley. I understand.
Mr. Volkmer. I am just asking the question.
Now, Mr. Rehnberg, in the part of your statement here on page

1, I think at least to me it says that, "The publicity that the space
telescope program has received in recent months has raised the
notion that the program is in grave technical difficulty, and as a
result less science may be accomplished."
At least I have not heard that. I was wondering where you heard

that.

Mr. Rehnberg. Mr. Chairman, from what I have read in the
paper and things of that sort, statements to the effect that 30 per-

cent of reflectivity had been lost on the mirror, things of that type.
Mr. Volkmer. Which is not accurate?
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Mr. Rehnberg. That is correct, sir.

Mr. VoLKMER. For the record, one thing that is accurate is that
last year, Mr. Rehnberg, in May 1982, when you testified before
this subcommittee, you were positive that you were going to be
able to meet the schedule at that time.
Mr. Rehnberg. That is correct, sir.

Mr. Volkmer. What made the difference between then and now?
Mr. Rehnberg. As we were entering into the beginning of Gov-

ernment fiscal year 1983, we were starting to receive all of the
major subassemblies, the primary mirror, the secondary, a number
of the items associated with large structures and a lot of the
ground support equipment and special-test equipment that was
necessary in order to support that integration effort wound up
being deficient for the job at hand.
Mr. Volkmer. Whose responsibility was that?
Mr. Rehnberg. That was our responsibility.
Mr. Volkmer. In other words, you did not have the necessary

test equipment, adequate test equipment
Mr. Rehnberg. To the precision that we determined at that time

that we needed, so we had to modify some, develop some new ones,
and even other ones that were not anticipated at the time. This
had the resulting effect on schedule.
Mr. Volkmer. Up to, say, last year at this time, what type of

working relationship did you have with the people at Marshall?
Mr. Rehnberg. I think the working relationship was an accept-

ably good one. I think we both have always respected each other
technically. I think the communications were acceptable.
Mr. Volkmer. Was there any recommendation made by the

people at Marshall concerning the testing equipment or what you
may need?
Mr. Rehnberg. I do not believe they understood or expected the

difficulties that we found ourselves in.

Mr. Volkmer. Was part of the problem that you had due to the
fact that this was a success-oriented project?
Mr. Rehnberg. I think that is a big factor there. A lot of the test

equipment that we had was developed very early in the program to
support an integration effort that had been planned at Goddard
Space Flight Center for that program. We had always assumed
that that equipment would be adequate and we did not have to
worry about it.

What happened, as we started getting into the integration phase,
we determined that the adequacies of those items were very inad-
equate. We had to put substantial engineering resources to modify
them and to upgrade them and to bring them in line consistent
with the system requirements of that point in time.
Mr. Volkmer. When did you bring to the attention of NASA the

problems that you have foreseen?
Mr. Rehnberg. Immediately upon our discovering this. I would

say August, September.
Mr. Fordyce. It started in August and our actual resolution of

the problem, to the extent at which we see it today, was during the
holidays between Christmas and New Year's when we finally went
through each individual piece of equipment identified in our level 4
schedules and our plans at that time.
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Mr. VoLKMER. Was there any fault in the people within the man-
agement of the program at Perkin-Elmer as far as being able to de-

termine what should have been there as against what was there?

Mr. Rehnberg. I think we have to take the rap for that. Yes, I

think we should have been more perceptive to the advance-looking

requirements of the program. However, again because of the man-
power constraints on the program, most of the available manpower
was devoted to meeting the program requirements at hand at the

present time as well as meeting problems as they arose; for exam-
ple, the correction to the flexure problem on the flight focal plane

deck. The limitation of manpower really did not allow us flexibility

to project ahead and look ahead and anticipate problems down-
stream.

I believe now we are better structured with sufficient manpower
to be able to do that.

Mr. VoLKMER. Who imposed the limitation on manpower?
Mr. Rehnberg. I think we jointly did it—ourselves and NASA

—

by establishing budgets to use prior to that particular year.

Mr. VoLKMER. You did not anticipate the need for the additional

manpower?
Mr. Rehnberg. Yes, sir.

Mr. VoLKMER. Hopefully, you think we have learned something
positive from this experience?
Mr. Rehnberg. I think the Hearth Committee recommendations

ought to be adhered by all programs.
Mr. Volkmer. Now, Mr. Rehnberg, with regard to the effort asso-

ciated with coating the optic primary mirror, how did the actual

cost and time required compare to the original projections?

Mr. Rehnberg. Mr. Chairman, I do not have the cost numbers on
that. We will get them for the record.

[The information follows:]

In the contract baseline established in 1980, the plan for all activities relating to

coating the Primary Mirror showed completion in July 1981 at a total cost of about
$3.9 million. The Primary Mirror was coated in December 1981 at a cost of about
$5.6 million.

Mr. Rehnberg. As far as the time associated with that, we were,
I believe, 6 months later than we had hoped to be. We had hoped to

complete that operation in May 1981. The completion was Decem-
ber 1, 1981.

Mr. Volkmer. And there would be, of course, additional costs?

Mr. Rehnberg. Yes, sir. I might add, also, that one of the major
problems or difficulties there also was associated with the handling
equipment.
Mr. Volkmer. I would like for you to elaborate on the latch

mechanism development. I understand you had to move from one
type of material to a different type?
Mr. Fordyce. Latches, as has been brought up, have some very

stringent requirements on them, both in requirements for aline-

ment of the science instruments and the fine guidance
Mr. Volkmer. But we knew this right from the beginning?
Mr. Fordyce. That is correct, sir.

I am getting to the problem here. We had additional problems,
then, with a low thermal gradient requirement across the inter-

face. The latch did meet those requirements, but very recently.
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about 3 months ago I believe, some testing was done at Marshall
Space Flight Center and they saw that the coating on the ball of
the latches you saw had started to erode off of the ball. It was gall-
ing actually. It looked like, then, if we had a lot of material trans-
fer, you could in space get into problems by trying to install an-
other instrument with a ball on it, and you would not have the
clearance necessary because the material had transferred over. A
tungsten carbide coating was successfully tested, and that problem
now is solved.

Mr. VoLKMER. Why was the tungsten carbide not considered in
the first place?
Mr. FoRDYCE. I really cannot answer that. We will have to supply

that answer.
Mr. VoLKMER. I would like to know. Was it even considered or, if

it was considered, was it rejected or what?
[The information follows:]

The need to stabilize the alignment of Science Instruments and Fine Guidance
Sensors dictated a design that would ensure low, post-launch residual torques at
each latch fitting. Materials and coatings with low coefficients of friction were in-
vestigated. The selection of one aluminum-oxide-coated ball in contact with a titani-
um spherical seat was based on this requirement for low friction. Galling risks were
considered low on the basis of published coating data; so tungsten carbide was not
considered at that time. After dynamic testing revealed the presence of galling,
other coatings of higher hardness were investigated for suitability. Tungsten car-
bide, which was not considered initially because of its higher coefficient of friction,
was then selected on the basis of discussions with the supplier. Subsequent dynamic
testing at MSFC has proven that the coating meets all requirements.

Mr. VoLKMER. Can you tell me, also—if not, supply it to me—on
the cost growth and schedule delay with the redesign of the focal
plane flexure foot. I would like to know that additional cost.
[The information follows:]

We estimate the cost grovi^th and schedule delay associated with redesigning and
fabricating the Focal Plane Structure's Feet to be $3 million and two months.

Mr. VoLKMER. Now, Mr. Rehnberg, I believe in your testimony—
and I would like for you to explain this because to me it means
something may be different than what it actually is, and I would
like to have it for the record—in the upper regions of the spectrum
you stated that the primary mirror is marginally acceptable. Ex-
plain to me what you mean by "marginally acceptable."
Mr. Rehnberg. All right. I was referring to the particulate con-

taminant that is on the mirror right now, not the contamination
that could be due to molecular. We do not believe there is any mo-
lecular.

Our scientists have done some analyses to determine the faint
object degradation effect of the telescope. By that, we mean, in
other words, trying to observe a 27th magnitude star while a com-
panion star of maybe 4th or 5th magnitude is nearby in the field of
view. That brightest star would cause scattered light, which would
make the observing of the faint start less obvious. This scattering
function is a function of wavelength. With the modeling that our
people came up with, if we did nothing with the scatter particulate
matter on the mirror right now, we believe it would be acceptable
for visual observations, but if one wanted to do very faint object
viewing in the ultraviolet, it would be marginal.
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We believe, however, that by removing the dust contaminants

next summer, it will be more than acceptable.

Mr. VoLKMER. Do you plan to just leave it in the cleanroom until

you are ready to clean it off?

Mr. FoRDYCE. As you saw in one of the first viewgraphs that Mr.

Rehnberg showed, the mirror is the basic startup of the assembly

of the telescope. Therefore, some of the information that has been

supplied that said it has been sitting in the cleanroom and not

being used is incorrect that I have read, because the mirror is the

basic startup, the mirror assembly and getting the hardware on the

mirror and into the main ring. Therefore, it will have to be in the

cleanroom continually through launch.

The mirror is not alone in a cleanroom, but it has a cover on it

at all times that we do not have a requirement to access the sur-

face of the mirror. At the times that the surface of the mirror re-

quire access—some of it is past now, but when we were installing

what we called through the glass hardware which restrains the

mirror to the primary ring and any time that we do any operation

with the mirror itself, installing any hardware on the back of the

mirror, we have to run interferometry tests on the mirror, and the

cover is removed at that time. Otherwise, it is in the cleanroom

and it is covered all the time.

Mr. VoLKMER. Will that continue on down through the integra-

tion within the module?
Mr. FoRDYCE. Yes, it will. It will continue in various forms. As

we build the telescope up, if you will, the cover locations are

changed, the procedures are changed, on out through to integration

at Lockheed, at which there are again covers that cover the cavity

that the mirror is in.

Mr. VoLKMER. Now, Mr. Rehnberg, if molecular contamination

or carbons were discovered on the primary mirror—I guess the sec-

ondary mirror maybe as well, but it is not nearly as important, I

guess—how would you clean it off? What would you do?

Mr. Rehnberg. It would be I think equally disastrous on the sec-

ondary, Mr. Chairman.
Mr. VoLKMER. That is what I say, but how do you clean it off?

Mr. Rehnberg. I believe that we would be in deep trouble.

Mr. VoLKMER. The only thing we can do, in other words, is make
sure it does not occur?
Mr. Rehnberg. That is correct. I believe our specialist would rec-

ommend no agitative cleaning with solvents of that coating for fear

you would damage the coating, not that you wouldn't try that—if

you were going to strip the coatings and start all over again, I

would presume before you did that you would try to at least clean

it physically. I think we would all be in very deep trouble if we had
a contamination problem.
Mr. Bateman. Would the chairman yield for a followup on that?

Mr. VoLKMER. Yes.
Mr. Bateman. Has the secondary mirror been fabricated and de-

livered?

Mr. Rehnberg. The secondary mirror has been fabricated. It has

been in a much more clean environment. It was in an encapsulated

enclosure. It is integrated into its main cell. I showed you hard-

ware pictures today. We do not think we have any—since the in-
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process work associated with it—we can protect the mirror better

than we can the secondary. It is in acceptable condition. It is small-

er, also.

Mr. Bateman. That is the reason for my asking the chairman if

he would yield. If it has been made, if it has been delivered, you
say if it is contaminated we have a real problem, I would rather
you would have said, "Thank goodness, it is not contaminated be-

cause if it were, we would have a real problem."
Can you say that it is not
Mr. Rehnberg. I will say it is not contaminated.
Mr. Bateman. I feel much better.

Mr. Rehnberg. All of the witness samples that we have had in

proximity to the primary and secondary mirror are tested regular-

ly. These were coated at the same time the primary and the sec-

ondary were coated. We routinely move them and measure their

reflectivity at the Lyman Alpha line, and we have not seen any
effect or change in the reflectivity since the mirror was coated 18

months ago.

Mr. FoRDYCE. We might add, also, that the samples that we took
on the mirror, we took a tape sample at the edge of the mirror, not

in the reflective path of the mirror, and those particles were ana-

lyzed by spectrograph and there were no hydrocarbon particles in

those samples.
Mr. Bateman. Pardon my interruption, Mr. Chairman.
Mr. VoLKMER. I would like to talk about one other area on page

11, on the fme guidance system and the interferometer problem.
There I guess it is basically with the prisms; is that correct?

Mr. Rehnberg. Yes, Mr. Chairman.
Mr. Volkmer. How would you characterize the problem with

that? Is it in the fabrication of them, a defect or

Mr. Rehnberg. The problem that we identified had to do with

the manner in which they are finally tested. We do not see any
problems in being able to manufacture those items, but the test

method that our opticians use is a little more qualitative, and we
have come up with a more precise way of finally testing them. In

other words, one could get ambiguous data as acceptable data, as

we know right now. This is why we had some that were acceptable

and some that were marginally acceptable.

Mr. Volkmer. In other words, it is not necessarily with the sub-

contractor, Harris or whoever is making
Mr. Rehnberg. Oh, no. Excuse me, Mr. Chairman. Are you talk-

ing of the interferometer?
Mr. Volkmer. Yes.
Mr. Rehnberg. Harris makes an electronic subsystem. They only

make one of the subsystems as part of the fme guidance.

Mr. Volkmer. Who does the prisms?
Mr. Rehnberg. Perkin-Elmer. We make the prisms.

Mr. Volkmer. You make the prisms?

Mr. Rehnberg. Yes.

Mr. Volkmer. It was not with the manufacture or making of the

prisms. It was with the question of testing as far

Mr. Rehnberg. The testing of the prism.

Mr. Volkmer. That has been overcome?
Mr. Rehnberg. Yes, sir.
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Mr. VoLKMKR. Again, I notice in there you say that this form of

sensor was built and demonstrated in the laboratory by Perkin-

Elmer in li)7(5. Again, going to the type of program we are doing,

did you anticipate after doing that that you would have any prob-

lems with the fme guidance system whatsoever?

Mr. Rehnberg. No, sir, we did not. We knew it would be a very

challenging, difficult machine to construct and build and design

and that we would have to be attendant to all of the structural and

thermal and optical constraints but we did not see it as a major

technological challenge, although a very difficult one.

Mr. VoLKMER. If I understood you correctly, I thought I heard

you say something to the effect that some of the problems with the

fine guidance system and completing was caused by some require-

ments or something made by Lockheed?
Mr. Rehnberg. Well, we are associates, Mr. Chairman, and we

do share requirements. We work together. I would say that they

have not caused any problems. We do work together as associates

and have a very critical interface, as was described by Mr. Wright.

The evolution of the pointing control subsystem and fine guid-

ance systems requires that our teams work very effectively togeth-

er.

Mr. Volkmer. Now in your testimony you say the number of

changes in the optical telescope assembly program have been sig-

nificantly higher than expected. Can you tell us what those

changes were?
Mr. Rehnberg. I think we can supply them for the record. I do

not have the exact numbers on hand.
Mr. Volkmer. I would appreciate knowing that. I would also like

to know who made the requirements for the changes, where those

changes came about or how they came about.

Mr. Rehnberg. We will do that.

[The information follows:]

From the establishment of the October 1980 baseline through the presentation to

the NASA Administrator on February 23, 1983, approximately 60 changes were di-

rected by the contractor. They can be categorized as follows:

Additional hardware 16

Additional testing 16

Design improvements 14

Systems engineering 9

Others 5

These changes often evolved through the combined requirements of NASA, the

associate contractors, the science community, and development difficulties. In most
cases, no single source of a change can be identified.

Mr. Volkmer. Also, I believe one of the things you said in the
growth is that it is influenced by operations of the shuttle. I was
wondering how that impacted on the optical telescope assembly.
Mr. Rehnberg. As I stated before, Mr. Chairman, the major

impact had to do with the loads that you would receive for the vi-

bration and static loads associated with the environment that the

shuttle would provide to the telescope during launch and landing.

It was not until well into the program that these kind of settled

down. As they changed upward or downward, we had to modify
and change the designs accordingly.
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Mr. VoLKMER. Was there any large impact on the cost or delays
because of that?
Mr. FoRDYCE. I think we would have to supply that. There were

obviously delays by use of manpower and what have you. We can
supply you that data.

Mr. VoLKMER. I would like to have that information.
[The information follows:]

During the course of the OTA Program, several shuttle load cases were used to

design and build the OTA. The specific contract changes resulting from the variance
of shuttle load data were in the order of $2 million. The changing load requirements
necessitated reanalysis or design and some retesting of hardware, disrupting the
normal flow of the program plan. As a result, the additional effects on cost and
schedule are difficult to quantify.

Mr. VoLKMER. As I understand, we have had additional schedule
costs added to perform your thermal vacuum bakeout; is that cor-

rect?

Mr. FoRDYCE. That is correct.

Mr. VoLKMER. Do you believe or agree that these bakeouts were
necessary?
Mr. FoRDYCE. Yes, I do. A lot of these bakeouts were in the pro-

gram earlier, and some analysis had proven that they possibly
could come out. I think it is much better that they be in for the
risk of the program. If there are any molecular contaminants on
some of these structures we are baking out, they could come off in

space and get on possibly the mirror surfaces, but it does take time
to take this equipment and ship it to the proper location and have
it baked out and bring it back on line again. In that case, there is a
cost and schedule problem. There is no risk associated with this ba-

keout, except for transportation.
Mr. VoLKMER. On page 12, Mr. Rehnberg, in your statement you

state that, the way I read it, you have a combination of underesti-

mating technical challenges and you have a cumulative effect on
your funding shortages, resulting from the inability to predict in

sufficient time to meet the budget cycle the cost of meeting these
technical challenges.
Why did you underestimate the technical challenges? What

caused that?
Mr. Rehnberg. Mr. Chairman, the only rational reason that I

can bring to that is that this is the first time Perkin-Elmer, and
perhaps the Nation, has been attacking a problem of this type. We
went into the program probably a little more optimistic than we
should have. There have been attendant challenges and difficulties

that had to be met.
Mr. VoLKMER. Then you say, "resulted in elimination of develop-

ment testing, cutbacks on critical support hardware, interruption

in certain development efforts, and, in general, operational ineffi-

ciencies."

In other words, it had quite a cumulative effect, then?

Mr. Rehnberg. Yes, Mr. Chairman. The test equipment that was
eliminated earlier, the test items early in the program, had the

effect of not giving the visibility early in the development cycle on
problems.
Mr. VoLKMER. Did you bring these things to the attention of the

people at Marshall at the time that they were occurring?
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Mr. Rehnberg. I think we were part of the problem. I think to-

gether we were overly optimistic on achieving a success-oriented

program.
Mr. VoLKMER. I guess my final question would be, now that we

are at this point and we have the present schedule in line and we
have the present funding that we presently know, do you believe

that you will be able to maintain the schedule that is now required

with the funds that are presently there or are you going to need

additional money?
Mr. FoRDYCE. I would make two comments on that, Mr. Chair-

man. One of them is that there will be additional changes in scope

on the program that are not reflected in probably some of the data

that you have, which will be given to you, I am sure, as soon as

available by NASA, which do reflect the increased costs of the

bakeout and spares that have been added to the program. With

those incorporated into the program, we believe we have a success-

oriented program for November 1, 1984 delivery.

Mr. VoLKMER. There is no question, Mr. Kelley, that as I review

the structure you have placed people in more direct control and

have now more, I would say, review process very periodically than

you previously had; is that correct?

Mr. Kelley. Yes, that is correct.

Mr. VoLKMER. Do you find that this has been helpful in moving
the program?
Mr. Kelley. Yes, I do, Mr. Chairman, quite so.

Mr. VoLKMER. What about anticipating needs that were not an-

ticipated before?
Mr. Kelley. I think there is an opportunity now to bring those

needs to the forefront earlier, quicker, and get the attention that is

required to solve them.
Mr. VoLKMER. I have no further questions.

Does the gentleman from Virginia have any further questions?

Mr. Bateman. Yes, Mr. Chairman.
The clean room, how clean is the clean room? Is it the highest

state of the art in clean rooms or is it moderately clean or

Mr. Rehnberg. Well, the highest state of the art is probably la-

miner flow-down systems that are used in the semiconductor indus-

try, which we also use ourselves in some of our commercial activi-

ties. The requirements for the program call for class 10,000 clean

room, and that is what the clean room is. It is monitored daily. It is

a class 10,000.

I think if we were to go to the highest possibly cleanliness neces-

sary at the beginning of the program, it would have added signifi-

cant cost to the program.
Mr. Bateman. As I understand it, in a clean room it did get ex-

posed to some contaminants, which has been a problem and a cost

to correct, or do I misunderstand the problem?
Mr. Rehnberg. In every clean room there is some degree of par-

ticulate matter that precipitates in time. As Mr. Fordyce indicated,

as we were doing the work in process with the primary mirror, the

mirror, of necessity, from time to time had to be uncovered in this

clean room. It was exposed for days, and sometimes weeks, in a

vacuum chamber where we had to interferometrically test it. Even
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though we were within the class 10,000 spec requirements, we were
building up a degree of particulate on the mirror.
Mr. Bateman. Then it would appear that you needed a little

technical redirection in terms of the 10,000 quantum that you have
mentioned.
Mr. Rehnberg. Yes, sir.

Mr. Bateman. Is it still in 10,000 or do you have now technical
redirection on the degree of cleanliness of the clean room?
Mr. FoRDYCE. The clean room itself is still classified as a class

10,000 clean room. However, the assembling area for some period
of time now has been protected by tents effectively within the
clean room, and the measurements in those areas, I do not have
that data with me but it is considerably better than class 10,000.

The problem with a large room better than class 10,000 is that it

would be horrendously expensive to build. No matter what class

you have, if I could take an opportunity, please, no matter whether
it is a class 100,000 or 10,000 or on down, you still have particulate
matter in the air. The room is just cleaner.

If you take a piece of glass and expose it in a room, depending on
the class it is, the glass is still going to be contaminated over some
period of time unless it is in a vacuum. Obviously better than
10,000 is better, but if you went to class, say, 3,000, that does not
necessarily mean we would not still be in the same problem we are
in now.
Mr. Rehnberg. There is one other point. On these coatings, they

build up electrostatic charges, which also become attractive sur-

faces for these particles. That is a phenomena that I think also has
added to the complexity.
Mr. Bateman. This may be totally meaningless, but somehow or

another it made an impact on my mind. Disabuse me of this: Did I

hear you make reference to you had clean rooms for commercial
projects, materials, and so forth, that were cleaner than the clean
room where this mirror is?

Mr. Rehnberg. Sir, in the semiconductor industry it is very
common to build devices in class 100. We provide quite a bit of

equipment to that industry, and the area that we build and assem-
ble this equipment in is of that magnitude.
Mr. Bateman. What is bothering me is whether or not we are

being penny wise and pound-foolish if we have had some problems
with particulates on this mirror. It is a mirror that we are going to

put out in space at enormous expense above and beyond the fabri-

cation, polishing, and what have you of the mirror. Once it is out

there, you cannot go out there with Windex and clean it. It just

seems like it is such an overriding concern that you would want
virtually the maximum that you could have.

Mr. Rehnberg. I agree with you, sir, but again I believe, as

stated by Mr. Fordyce, even though you are in a class 100 rather

than a class 10,000, there is still going to be contamination.

Mr. Bateman. The visual training that you showed us had the

thing with a cover over it. If I took a cover and put it over this

picture, it would be covered but the air surrounding it would be the

same old dirty air as is in the rest of the room. How much of a

function does that cover serve in protecting it?

Mr. Fordyce. The various



262

Mr. Bateman. You can tell I am not a scientist.

Mr. FoRDYCE. There are various types of covers, sir, that have

been employed. Some of the coverings that have been with the

mirror prior to its final assembly will have been like a— if you

will—pie plate turned upside down with very little space around

for any air to come through. As we go into these assembly oper-

ations, the covers, as you saw, basically are plastic, and they are

taped so that they are not just free-fioating. They are taped around

to keep the air transfer down up into the area where the surface is.

Very shortly now we are going to be installing another type cover

which has, again, a different type protection.

For some of the mirror movements, inasmuch as it is mounted in

the main ring now, we have gone to the plastic-type coatings that

you saw, which does not totally eliminate the possibility of air

movement. It really cuts it down.
Mr. Bateman. Air movement is a critical part of the exposure, I

take it, and what the cover does is reduce the effect of any move-

ments in the air?

Mr. FoRDYCE. As you saw the mirror, we did not just put the

cover on the mirror. We cannot contact the surface.

Mr. Bateman. Yes, I understand that.

I take it the cover has no organic materials that could be at any
at-risk to the device?

Mr. Fordyce. That is correct.

Mr. Bateman. Thank you, Mr. Chairman.
Mr. Volkmer. Going back to newspaper reports and things that I

have heard, there has been one thing within Perkin-Elmer that

seems to be at least stated by some, that deficiencies in detail work
planning and scheduling—I would like to know what kind of work
planning and scheduling system is presently used.

Mr. Fordyce. We have over the last 6 months generated not a
new system, but we have brought back some of the old systems and
intensified the systems of work planning. Some of our problems
have been recent and have been correctly reported. We did not

have schedules on the floor at the level 4 level, which reflected a
delivery date. We said at one time we thought we could deliver

June 15. We are on a November date. It has taken us a while to get

in the bottom schedules on the floor, if you will, like level 6, to

allow the people to plan precisely to stay on schedule that the pro-

gram is trying to run to.

However, that aside, we have manufacturing meetings every
morning at 7:30 with the people from all the teams that are as-

signed to the subsystem. Their work packages are brought in and,
for the most part now, we have both 72-hour and 11-day forecasts.

We do keep track of every item that is not achieved or everything
that cannot be started that is requested by these team members.
We do that on a computer, and we have used that data to enhance
our forward-looking as far as what has been holding us up, wheth-
er it has been drawings, parts delivery, lack of a technician, or

whatever it has been, so that we can improve that operation.

We have, then, a meeting in the afternoon, and then I have a
weekly scheduled meeting myself with the team members, so that I

can also hear what their problems are at a different level and can
get them transferred into me. Those are scheduled-type meetings.
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Mr. VoLKMER. The last question goes back to one I asked before.

I just want to make sure the record is clear on it and that I am
clear in my own mind. It goes back to the question of funding and
restraints because of lack of full-funding requirements.

In any of the fiscal years after you started on this project or at

any time was the amount that you thought was necessary reduced
by NASA?
Mr. Rehnberg. Mr. Chairman, no, it was not.

Mr. VoLKMER. Thank you very much. We appreciate your
coming.

I just want to say that I think we can all be proud of the work
you have done on the mirror, et cetera. It is just a question, like

you say, of not anticipating things that should have been anticipat-

ed.

Thank you.
Now we have the Hon. James Beggs, Administrator of the Na-

tional Aeronautics and Space Administration.
Your statement will be made a part of the record, and you may

review it or summarize, however you so desire.

STATEMENT OF HON. JAMES BEGGS, ADMINISTRATOR, NATIONAL
AERONAUTICS AND SPACE ADMINISTRATION, ACCOMPANIED
BY SAMUEL W. KELLER, DEPUTY ASSOCIATE ADMINISTRATOR

Mr. Beggs. Thank you, Mr. Chairman. I have a summary that I

would like to read.

Mr. Chairman, members of the subcommittee, I consider it a
privilege to have the opportunity to appear before this committee
and to discuss with you the space telescope situation. I appreciate

the forebearance of both the committee and its staff while we have
been working to correct the serious space telescope problems that I

described to the committee during my testimony on February 3,

1983. After the space shuttle, this program is clearly the top prior-

ity program in NASA and it is one to which I am committed to

achieving a successful conclusion.

As I previously reported to the committee, we have had problems
in the development of this unique instrument and are taking sig-

nificant steps to rebaseline the program in order to make a firm

commitment both to the administration and the Congress on a re-

vised schedule and total cost. At the same time, we have been re-

viewing our management practices and technical approaches, both

within the agency and at the associate contractors, to determine
what caused these problems and to learn how to prevent further

occurrences on either the space telescope or other NASA programs.

In reviewing the present situation, there are numerous contribut-

ing factors to the problem recently confronting us. While no single

event caused our present difficulties, the cumulative effect was
such that we found ourselves faced by a difficult situation which,

in retrospect, should have been recognized earlier. I believe both

the agency and its contractors seriously underestimated the techni-

cal difficulties which had to be overcome in order to successfully

complete this program. The space telescope may well be the most

challenging spacecraft ever developed by NASA. However, ad-

vanced research and high risk technical undertakings are the es-
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sence of NASA's mission, and we must continually strive to im-

prove our ability to take on ever more difficult assignments.

In addition to the technical challenge presented by the telescope

itself, the agency selected a management structure which included

two different field centers and a number of associate contractors,

with Marshall Space Flight Center assuming the role of "prime

contractor." We now recognize that we did not provide sufficient

manpower to properly monitor the project.

Since I testified before this committee in early February, I have

personally visited Perkin-Elmer, Lockheed, and the Harris Corp., to

ascertain the progress they are making in the telescope program.

At the same time, the Office of Space Science and Applications has

conducted a detailed review of all aspects of the space telescope

program which resulted in a briefing to me that highlighted var-

ious problems and recommended improvements to overcome these

difficulties. We have reorganized the NASA headquarters program
staff to enable us to more effectively control the progress of the

space telescope and to revalidate the requirements imposed on the

total system. Significant changes have also been made in the

project management staff at both the Marshall and Goddard Space
Flight Centers. With our encouragement, the Perkin-Elmer Corp.

has continued to improve their management organization, and we
have added a capability at Lockheed for program-wide systems en-

gineering.

In parallel with these actions, we have reassessed the technical

difficulties inherent in this program and are in the process of rea-

lining our schedule and cost estimates. As a result of this latter ac-

tivity, a number of necessary steps are being taken which include

the identification of a significant amount of test equipment and
handling fixtures which had been omitted from earlier Perkin-

Elmer planning estimates. We have also identified additional

spares which are required to insure reasonable progression through
the assembly and verification phase of the program.

In the area of schedules, our review indicated that unwarranted
optimism had been permitted in an effort to maintain the 1985
launch schedule. By rescheduling the remaining activities to pro-

vide reasonable contingency periods, we are able to provide more
efficient scheduling and provide for the inevitable problems that
occur in a program of this nature. The recognition of a need for

additional spares and test equipment, as well as the additional

schedule time necessary to integrate and check out an instrument
of the complexity of the space telescope, will result in new cost esti-

mates which will be reflected in our revised program.
We have not compromised, nor do we plan to compromise, any of

the performance requirements initially established for the space
telescope. This is not to suggest that there are not serious technical
questions to be resolved or that the accomplishments of these objec-

tives will be easy. Our review to date, however, indicates that we
are making steady progress toward the completion of an outstand-
ing orbital facility with long-term science benefits. Specifically, we
have completed the large 2.4-meter primary mirror; and, it per-

forms better than specification. The primary mirror has been
mounted in the main ring, and this has been done without induc-
ing any distortion into the mirror. Preliminary assembly of a fine
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guidance sensor has been accomplished, and we are encouraged
that progress is being made toward the ultimate solution of the
fine guidance system problems. The activities at Lockheed are pro-
ceeding with the basic elements of the support system module in
the integration phase.
The five scientific instruments are well on their way to comple-

tion and have only the normal final engineering problems expected
in a difficult development program.
The Space Telescope Science Institute has been established on

the Johns Hopkins University campus in a new building which was
dedicated yesterday.
One of the major challenges faced by the program at this time is

completion of the engineering model fine guidance sensor and a
demonstration that, in fact, it can track a 14.5 visual magnitude
star and can maintain lock on such a star for a 24-hour period. Al-
though we have not demonstrated the ability to accomplish this ob-
jective so far, we are encouraged by preliminary tests which show
that the Koesters prism interferometers will work as designed and
that light rays can be accurately transmitted through the system.

I am sure you have heard of the question of primary mirror con-
tamination which is a problem of some concern. Preliminary analy-
sis indicates that current particle distribution is acceptable in the
visible range and marginally acceptable in the ultraviolet range.
There exist cleaning techniques which will permit us to remove
particulate surface contamination, but, because of the critical

nature of this process, I have directed the project office to review
their analyses and proposed cleaning procedures with me before
any action is initiated.

In reviewing your technical challenges, I must also mention the
unknown problems that may occur during the final assembly and
verification process. This is a very complex instrument, and it

would be unrealistic not to expect that problems will be encoun-
tered during that activity. We believe that, by improving our
spares capability and by providing prudent contingency time in the
schedules, we will be able to overcome these difficulties as they
arise. Finally, there is the problem of verifying the optical integrity

of the completed instrument prior to launch. To the extent our
analyses and tests do not compensate for all assembly errors, we
have provided a capability to alter the figure of the mirror on orbit

and to adjust the position of the secondary mirror.
In terms of schedule, we have now developed both overall and

major subsystem schedules which provide for delivery of the optical

telescope assembly and two of the fine guidance sensors to Lock-

heed by November 15, 1984. This will support a launch of the tele-

scope in June 1986. Recognizing the challenges still present in this

program, the agency is prepared to make a commitment for a
launch during the last half of calendar year 1986.

We have requested an increase in our fiscal year 1983 obliga-

tional authority of $45 million, which would bring the fiscal year

1983 plan for the development line to $182.5 million. For fiscal year

1984, we estimate the requirement of approximately $195 million,

which is $75 million more than the January budget submission.

While these represent significant amounts, I believe they are real-

istic and they will support the schedule I have outlined.
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A completion of the scheduling activities will be necessary for us

to arrive at a final runout cost, but I expect it will be in the $1.1 to

$1.2 million range and will be a function of the launch date that

we are able to achieve. As soon as these numbers become firm later

this summer, I will certainly advise the committee of our conclu-

sions.

In summary, it is not pleasant to review before this committee

problems of the nature we are addressing today. However, I believe

that our analysis has been open and thorough, that we have identi-

fied those problems remaining in the space telescope, and that we
have made reasonable provision for their solution. There are cer-

tainly major risks remaining in the completion of this very difficult

and challenging program. However, I believe that we have made a

reasonable tradeoff between necessary reserves and fiscal restraint.

We are developing a revised program which we believe can be com-

pleted on the new schedule and within the dollar range I have out-

lined. At the same time, I believe we have objectively reviewed the

management practices of NASA headquarters, the involved field

centers, and our principal contractors; and, we have taken steps to

make those changes required to successfully accomplish the pro-

gram. Perhaps more importantly, I believe we have learned lessons

from the problems encountered in the space telescope which will

serve us well on future programs of a similar challenging nature.

The scientific benefits to be derived from the operation of the space

telescope will warrant the attention we have been required to

devote to it, the continued support of the administration, and par-

ticularly the guidance and the support that we have been provided

by this and other committees of the Congress.
Mr. Chairman, that concludes my statement.
[The prepared statement, plus answers to questions asked of Mr.

Beggs follow:]
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Statpinent of

Janes M. Reggs
Administrator

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Before The

Subcommittee on Space Science and Applications
Committee on Science and Technology

House of Representatives

Mr. Chairman and Members of the Subcommittee:

1 consider it a privilege to have the opportunity to appear before this

Committee and to discuss with you the Space Telescope situation. I

appreciate the forebearance of both the Committee and its staff while we
have been working to correct the serious Space Telescope problems that I

described to the Committee during my testimony on February 3, 1983.

The Space Telescope is the centerpiece of the NASA program in Space Science
and Applications. I am convinced that this instrument will be the most
important scientific instrument that has ever been flown and that its
contributions to man's understanding of the universe will be as profound as

anything since Galileo first observed the heavens through a telescope. The
support of this Committee and the Congress as a whole, as well as this and
previous Administrations, has been unfailing. The personal interest in the
Space Telescope expressed by the Science Advisor to the President is clear

evidence of the importance attached to its successful operation. After the
Space Shuttle, this program is clearly the top priority program in NASA and

is one to which I am committed to achieving a successful conclusion.

As I previously reported to the Committee, we have had problems in the

development of this unique instrument and are taking significant steps to

rebaseline the program in order to make a firm commitment both to the

Administration and the Congress on a revised schedule and total cost. At

the same time, we have been reviewing our management practices and

technical approaches, both within the Agency and at the associate

contractors, to determine what caused these problems and to learn how to

prevent further occurrences on either the Space Telescope or other major

NASA programs.

In the course of my testimony today, I believe it appropriate to discuss

why the present problems were not identified sooner; what steps the Agency

has taken to correct these problems; and what we now forecast in terms of

telescope performance and further technical problems, schedules, and

funding requirements.
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Why Space Telescopp Problems Were Not Idpntified More Quickly

In reviewing the present situation, there are numerous contributing factors

to the problem recently confronting us. While no single event caused our

present difficulties, the cumulative effect was such that we found

ourselves faced by a difficult situation which, in retrospect, should have

been recognized earlier. I believe both the Agency and its contractors

seriously underestimated the technical difficulties which had to be

overcome in order to successfully complete this program. The Space

Telescope may well be the most challenging spacecraft ever developed by

NASA. However, advanced research and high risk technical undertakings are

the essence of NASA's mission; and we must continually strive to improve

our ability to take on ever more difficult assignments.

At the time the program was initiated, there were many technical unknowns,

such as the ability to fabricate the large 2.4 meter mirror with a surface

accuracy necessary to achieve the Telescope's goals. The Fine Guidance

Sensors were an equally difficult challenge. The problem of cleanliness,

which is required in order to maintain an optical capability in the

ultraviolet, was not thoroughly appreciated. This contamination problem

has been made more difficult because of the need to fabricate many large

structures from graphite epoxy which tends to readily absorb contaminate

materials which later may be released in the reduced pressure in space and

destroy the quality of the optical systems. The requirement to maintain

very precise relationships between the focal plane instruments and the

primary and secondary mirrors in a very harsh thermal environment has also

presented a very difficult challenge. The scientific instruments compare

in individual complexity to many spacecraft and have presented severe

challenges in their own right. Since many of these types of unknowns had

never been previously encountered, estimating the time and resources needed

to overcome them became a difficult and uncertain task.

In addition to the technical challenge presented by the telescope itself,

the Agency selected a management structure which included two different

Field Centers and a number of associate contractors, with Marshall Space

Flight Center assuming the role of "prime contractor." We now recognize

that we did not provide sufficient manpower to properly monitor the

project. We believe that additional in-house resources might have enabled

us to pinpoint the problems at a much earlier date and, where necessary,

provide government personnel to assist the contractors as we have done in

the past on other programs.

Collectively, the problems I have described above have led to a situation

where the Agency did not recognize the technical and management

difficulties as early as is desirable. At the same time, 1 believe it fair

to conclude that the technical challenges which have contributed most

significantly to the present delays and cost increases were inherent in the

program from the beginning but were not recognized at that time.
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steps NASA Has Taken to Understand and Solve the Space Telescope Problem

Since I testified before this Committee in early February, I have
personally visited Perkin-Elmer, Lockheed, and the Harris Corporation to
ascertain the progress they are making in the Telescope program and to
understand any particular problems either within their own organization or
which may be caused by actions on the government's part. At the same tine,
the Office of Space Science and Applications has conducted a detailed
review of all aspects of the Space Telescope program which resulted in a

briefing to me highlighting various problems and recommending improvements
to overcome these difficulties. We have reorganized the NASA Headquarters
program staff to enable us to more effectively control the progress of the

Space Telescope and to revalidate the requirements imposed on the total
system. Significant changes have also been made in the project management
staffs at both the Marshall and Goddard Space Flight Centers. With our
encouragement, the Perkin-Elmer Corporation has continued to improve their
management organization, and we have added a capability at Lockheed for

program-wide systems engineering.

In parallel with these actions, we have reassessed the technical
difficulties inherent in this program and are in the process of realigning
our schedule and cost estimates. As a result of this latter activity, a

number of necessary steps are being taken which include the identification
of a significant amount of test equipment and handling fixtures which had
been omitted from earlier Perkin-Elmer planning estimates. We have also
identified additional spares which are required to insure reasonable
progression through the assembly and verification phase of the program. In

prior years, many of the box level spares which would normally have been
included in a program of this nature were eliminated as a cost-saving

measure. Spares were provided only at the board or component level. As a

result, if a particular subsystem were to fail during the integration and

test phase, it would have been necessary to return the unit to the
manufacturer for reinstallation of a new board or component. For certain

key subassemblies, this could bring the entire process to a halt while the
repair is accomplished. By providing spares at the subsystem or box level,

we will be able to replace failed units immediately with a duplicate which
will then permit a continuation of the main line activity. We believe

these actions are necessary and prudent and will result in significant cost

savings throughout the development program.

In the area of schedules, our review indicated that unwarranted optimism
had been permitted in an effort to maintain the 1985 launch schedule. By

rescheduling the remaining activities to provide reasonable contingency
periods, we are able to provide more efficient scheduling and provide for

the inevitable problems that occur in a program of this nature. The

recognition of a need for additional spares and test equipment, as well as

the additional schedule time necessary to integrate and check out an

instrument of the complexity of the Space Telescope, will result in new

cost estimates which will be reflected in our revised program.

Since the Directors of the Goddard Space Flight Center and the Marshall

Space Flight Center have reviewed for you the changes made in their
management structures and the contractors that they are responsible for, I

will not repeat that information here. However, I should explain in some

detail the changes that have been made in the NASA Headquarters
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organisation. We have established a Space Telescope nevelopment nivision

which is responsible for the development, launch, and initiation of

on-orbit operations of the Space Telescope, This organization reports

directly to the Deputy Associate Administrator for Space Science and

Applications, who is devoting more than 50 percent of his time to this

program. A dedicated Headquarters staff, both system management and

engineering support, is being provided to accomplish the necessary

functions of this office. Particularly, they will maintain a much more

detailed technical overview of the elements of the program. They are

establishing a cost and schedule analysis capability which will allow us to

monitor the progress of several elements of the program much more

effectively than we have in the past. We are in the process of

revalidating the top level system performance requirements which were

derived from the original recommendations of the Space Telescope Science

Working Group to insure that the Telescope is being developed consistent

with these requirements and, at the same time, does not unnecessarily

exceed the capability. Lastly, we have established a consulting group

composed of certain members of the Space Telescope Science Working Group to

advise NASA on their perception of our progress in meeting the necessary

programmatic requirements. This group will have access to all elements of

the program for purposes of fact-finding and will provide an independent,

science community view of the issues which may affect Space Telescope

system performance. This is consistent with our efforts to involve the

scientists more intensively in Space Telescope development. The

Headquarters staff will provide key engineering support as may be required

by this group.

Performance and Schedule Projections

We have not compromised, nor do we plan to compromise, any of the

performance requirements initially established for the Space Telescope.

This is not to suggest that there are not serious technical questions to be

resolved or that the accomplishments of these objectives will be easy. Our

review to date, however, indicates that we are making steady progress

toward the completion of an outstanding orbital facility with long-term

science benefits. Specifically, we have completed the large 2.4 meter

primary mirror; and it performs better than specification. The primary

mirror has been mounted in the main ring, and this has been done without

inducing any distortion into the mirror. Preliminary assembly of a Fine

Guidance Sensor has been accomplished, and we are encouraged that progress

is being made toward the ultimate solution of the Fine Guidance System

problems. We believe that our problems with the Fine Guidance Sensor

electronics at the Harris Corporation are now under control and that

delivery will be made in accordance with our required schedules. We have

fabricated the large graphite epoxy metering truss assembly which maintains

the relative position of the primary and secondary mirrors. The activities

at Lockheed are proceeding with the basic elements of the support system

module in the integration phase.

The five scientific instruments are well on their way to completion and

have only the normal final engineering problems expected in a difficult

development program.
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Thp Space Telescope Science Institute has been established on the Johns

Hopkins University campus in a new building which was dedicated yesterday.

Institute personnel are proceeding with the development of the guide star

selection system and the science data acquisition system. The European

Space Agency portion of their staff is now building up, and we anticipate a

smoothly functioning integrated operation under the direction of

Dr. Riccardo Giacconi

.

One of the major challenges faced by the program at this time is completion

of the engineering model Fine Guidance Sensor and a demonstration that in

fact it can track a 14.5 visual magnitude star and can maintain lock on

such a star for a 24 hour period. Although we have not demonstrated the

ability to accomplish this objective so far, we are encouraged by

preliminary tests which show that the Koesters prism interferometers will

work as designed and that light rays can be accurately transmitted through

the system. We are faced with a rigorous program of preventing both

particulate and molecular contamination from affecting the performance of

the Telescope in the ultraviolet region of the spectrum. Among other

actions, we have now included in our program the bakeout of those graphite

epoxy structures which could otherwise contribute to possible molecular

contamination.

I am sure you have heard of the question of primary mirror contamination

which is a problem of some concern. Although the mirror is maintained in a

clean room, no such facility is absolutely clean; and, during the storage

period, some particulate contamination of the mirror has been observed.

Perkin-Elmer has performed macrophotography of the mirror surface to

characterize the particulates and has determined the nature of the

contaminates by removing small samples from the edge of the mirror and

analyzing them with x-ray emission spectroscopy. The particles are of

types expected in a clean room assembly facility. Particles have the

effect of scattering light and, thereby, affect the capability to observe

faint objects in the presence of bright objects. Preliminary analysis

indicates that current particle distribution is acceptable in the visible

range and marginally acceptable in the ultraviolet range. Molecular

contamination would be a different problem. The mirror history and

examination of witness samples, however, do not give us any reason to

suspect molecular contamination, but procedures will be developed to

acquire direct evidence to confirm this. There exist cleaning techniques

which will permit us to remove particulate surface contamination; but,

because of the critical nature of this process, I have directed the project

office to review their analyses and proposed cleaning procedures with me

before any action is initiated.

In reviewing our technical challenges, I must also mention the unknown

problems that may occur during the final assembly and verification process.

This is a very complex instrument, and it would be unrealistic not to

expect that problems will be encountered during that activity. We believe

that, by improving our spares capability and by providing prudent

contingency time in the schedules, we will be able to overcome these

difficulties as they arise. Finally, there is the problem of verifying the

optical integrity of the completed instrument prior to launch. Because the

Telescope is designed to operate in the zero gravity of outer space, before
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' launch the primary mirror is distorted by the earth's gravitational field

such that it is not possible to perform normal optical tests while on the

ground. We are investigating certain limited tests which can be performed

during the assembly period that will increase our confidence that the

instrument will perform on orbit as planned. To the extent our analytical

analyses and tests do not compensate for all assembly errors, we have

provided a capability to alter the figure of the mirror on orbit and to

adjust the position of the secondary mirror.

In terms of schedule, we have now developed both overall and major

subsystem schedules which provide for delivery of the Optical Telescope

Assembly and two of the Fine Guidance Sensors to Lockheed on November 15,

1984. This will support a launch of the telescope in June of 1986.

Recognizing the challenges still present in this program, the Agency is

prepared to make a commitment for a launch during the last half of calendar

year 1986. A final refinement of these schedules will depend on the

development of detailed work package schedules which should be accomplished

within the next several weeks. We believe that the detailed analysis of

these work elements will support the schedules as I have stated above.

We have requested an increase in our FY 1983 obligational authority of $45M

which would bring the FY 1983 plan for the development line to $182. 5M. We

now have before the Committee a request to reprogram $26M from Space Flight

Operations from the previously planned deferral in FY 1983 and $19M from

within Space Science and Applications to provide the required FY 1983

augmentation to the Space Telescope development program. The majority of

the $19M will be made available from the Space Telescope operations and

refurbishment funding and by stretching out the Solar Optical Telescope

development activities at Perkin Elmer. I believe these adjustments can be

accommodated without any major impact on other programs within the Office

of Space Science and Applications.

For FY 1984, we estmate a requirement of approximately $195M, which is $75M

more than the January budget submission. While these represent significant

amounts, I believe they are realistic and they will support the schedule I

have outlined. A completion of the scheduling activities will be necessary

for us to arrive at a final runout cost, but I expect it will be in the

j

$1.1 - 1.2 billion range and will be a function of the launch date we are

able to achieve. As soon as these numbers become firm later this summer, I

will certainly advise the Committee of our conclusions.

In summary, it is not pleasant to review before this Committee problems of

I

the nature we are addressing today. However, I believe that our analysis

I

has been open and thorough, that we have identified those problems

! remaining in the Space Telescope, and that we have made reasonable

! provision for their solution. There are certainly major risks remaining in

the completion of this very difficult and challenging program. However, I

believe that we have made reasonable trade-offs between necessary reserves

and fiscal restraint. We are developing a revised program which we believe

can be completed on schedule and within the dollar range I have outlined
above. At the same time, I believe we have objectively reviewed the

management practices of NASA Headquarters, the involved Field Centers, and

our principal contractors; and we have taken steps to make those changes
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required to successfully accomplish the program. Perhaps more importantly,
I believe we have learned lessons from the problems encountered in the
Space Telescope which will serve us well on future programs of a similar
challenging nature. The scientific benefits to be derived from the
operation of the Space Telescope will warrant the attention we have been
required to devote to it, the continued support of the Administration, and
particularly the guidance and support that have been provided by this and
other committees of the Congress.

Mr. Chairman, this concludes my prepared remarks. I will be pleased to
respond to any questions you may have.
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Written questions submitted by Chairman Volkaer during

the June 16, 1983, hearing at which Mr. Beggs testified

on the Space Telescope.

QUESTIONS A-1 :

Mr. Beggs, we understand that initially there were
limits on the manpower at Marshall that could be

assigned to the Space Telescope.

a. What was this limit? Why was such a limit
impo s ed ?

b. When was this manpower ceiling raised?

c. Is Marshall under any limitations at the

cur rent t ime ?

ANSWER A-1

:

a. Initially, it was believed that only
approximately 100 civil service personnel were needed
on Space Telescope at the Marshall Space Flight Center
to over-see the Space Telescope development activities.
This belief was based on the perceived experience of

the two associate contractors. However, as the design
and development activities progressed, the need for

additional manpower at MSFC was recognized.

b. The Marshall Space Telescope manpower level was
increased in the latter part of 1978 and has grown to

approximately 250 at the present time.

c. There are currently no limitations on MSFC
manpower other than those dictated by prudent resource
management

.

QUESTION A-2 :

a. Mr. Beggs, would you agree that the "systems
engineering" effort has been understaffed in the past?

b. Why did NASA allow this situation to occur?

ANSWER A-2:

a. MSFC
accompl i shment
under contract
However, LMSC

has overall responsibility for
of systems eng ineer ing--Lockheed is

to support MSFC in this activity,
did not have explicit authority to

penetrate across all program element interfaces.
Science Investigators, etc., and hence, in some
instances, systems engineering was inadequate. The
most glaring example of inadequate systems engineering
was in the area of Space Telescope assembly and
verification. The project has now taken corrective
measures to address Space Telescope integration and
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testing from a total systems viewpoint,
are being reexamined to insure that
concerns are properly addressed.

b. Inadequacies in system engineering
clearly identified -- *' -' ^ -' ' '

Other areas
all systems

were not as
clearly identified as they should have been because of
what I now believe to have been inadequate penetration
anH nw«»TB 1 oVi t- . Thiese deficiencies are now beingand oversight,
corrected .

QUESTION A-3;

a. Mr. Beggs, what has been the situation at
Headquarters concerning the amount of manpower assigned
to the Space Telescope program?

b. When did you first become aware that there were
only two or three people at Headquarters involved in
the Space Telescope program?

c. For comparison how many people in NASA
Headquarters are assigned to Shuttle management?

ANSWER A-3 :

a. and b. I do not think that the small number of
people at Headquarters who were monitoring Space
Telescope was the major contributor, but instead,
because of the size and complexity of Space Telescope,
the problem may have been the lack of a specific
dedicated office for Space Telescope at Headquarters.
We had previously relied on a group within an existing
division which, I believe, had a definite effect on
communication or lack of highlighting to top level
management. We have corrected this situation by
setting up a division in the Space Science and
Applications Associate Administrator's office to manage
the Space Telescope development activities.

c. A comparison of the number of Headquarters
people on Space Telescope with the number of

Headquarters people assigned to Shuttle management
should be accompanied by noting that there are
significant differences in the scope of effort and
resources between the two programs and between the
management and technical roles of the two groups.
There are currently 56 civil service professionals at

Headquarters assigned to Shuttle management, and there
are 14 full-time professionals, including both civil
service and contractor engineering support, assigned to

Space Telescope development.

QUESTION A-4 :

we understand that there has been
turnover in the Headquarters program

management responsibility.

Mr. Beggs,
cons ider ab le
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a. Could you elaborate on the reasons for this

turnover ?

b. With this amount of turnover and only two or

three people involved at Headquarters, how did

Headquarters hope to maintain the necessary oversight
and control of program progress?

c. With the split Center responsibilities and the

procurement approach involving associate contractors,
how did Headquarters hope to carry out its overall
management responsibilities with only one or two

peop le ?

ANSWER A-4 :

a. One of the difficulties of long duration
programs is the turnover of people involved. The need
for personal and professional career growth is one of

the factors involved. For example, the first
Headquarters Space Telescope Program Manager was
appointed in May 1976 and remained for over three years
until he was appointed Deputy Director of the Solar
Terrestrial Division within the office of Space
Sciences in November 1979. Career changes and

advancements were also major motivations in the

departure of other personnel.

b. In retrospect, it can be seen that the Space
Telescope Development Program represented a large
quantum increase in scope and difficulty over prior
science projects, and normal communications which could
ordinarily be relied upon to provide an adequate amount
of data, were not adequate for the management,
oversight, and penetration which the Space Telescope
program required.

c. It became apparent as the Space Telescope
program developed that NASA had not adequately assessed
the enormous complexities in the Space Telescope
program, particularly those deriving from multiple
center involvement, two large associate contractors,
and the absence of a single integrating contractor. It

must be noted that the Headquarters approach in the
past has been to act as much in a monitoring as in a

management role for science and unmanned space
programs. However, we are in the process of enhancing
the management functions for Space Telescope at NASA
Headquarters .

QUESTION A-5 ;

We understand that in the past, the integration and
systems engineering contractor was prohibited from
direct interaction with the principal investigators and
the instrument contractors. Why was this barrier to

communications imposed?
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ANSWER A-5 ;

There was no prohibition of the systems engineering
contractor interacting directly with the principal
investigators and instrument contractors. During the
early phase of Space Telescope development, the GSFC
Space Telescope Project Office requested that all
communication between the responsible parties for the
scientific instruments and LMSC be conducted with a
GSFC representative present. The intent of the policy
was to maintain discipline in consideration of proposed
changes or increases in scope o the work. However, it
was determined that the above policy had to be changed
to permit more direct exchange of information between
the parties involved.

QUESTION A-6 :

Mr. Beggs, would you agree that in the past the
government imposed a number of artificial barriers
which tended to inhibit good communications between all
participants in this program.

ANSWER A-6

;

There were no specific barriers built into the
management system that were intended to inhibit
communications. However, in retrospect, certain
practices designed to protect component systems that
had been developed for military purposes may have had a

restraining effect on the free flow of information.
Also, the existence of the very complex management
structure selected may have inhibited communications
somewhat. In addition, the initial under s t af f ing at
MSFC definitely had an effect on communications.

QUESTION A-7 ;

a. Mr. Beggs, what is your assessment of the
manner in which NASA Headquarters has exercised overall
management responsibility for the Space Telescope
Program?

b. Have there been major disagreements over
program direction or resource requirements between
Headquarters and the Field Center?

c. How would you characterize the lines of

communications between Marshall and Headquarters?

ANSWER A-7 :

a. In retrospect, I have come to the conclusion
that the organizational setting for the long and

complex program may have had a definite effect on

communication. We have now set up a separate division
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in the Space Science and Applications Associate
Administrator's office to manage Space Telescope.

b. There have been no major disagreements over
program direction or resource requirements between NASA
Headquarters and MSFC .

c. The lines of communications between MSFC and
Headquarters were adequate; however, as I stated above,
I believe that the organizational arrangement and
staffing levels of the Space Telescope project probably
inhibited communication with top level management.

QUESTION A-8 :

What are the major lessons learned
Telescope development experience?

ANSWER A-8:

from the Space

Probably the most important lesson that we have learned
from Space Telescope is that the management structure
that we set up for programs should be both adequately
designed and staffed to stay on top of the program
during the course of the research and development
phase. In addition, we waited too long in coming down
hard when we knew problems were developing in our
contractors organizations.

QUESTION A-9 ;

Mr. Beggs, how would you characterize the working
relationship between Marshall and Goddard?

ANSWER A-9 :

Overall, the Space Telescope working relationship
between MSFC and GSFC has been good, although at times
it has been somewhat inhibited by institutional
autonomie s .

QUESTION A-10 :

a. Mr. Beggs, would you comment on the award fee
structure for both associate contractors?

b. Do you believe the contractors have earned the
award fee which has been allowed.

c. Does the award fee structure need to be
modified or changed in any way?

ANSWER A-10

:

a. The award fee structures for Lockheed and
Perkin-Elmer , the associate contractors, are basically
the same. Each contractor is evaluated periodically.
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generally semi-annually, for attainment of contract
performance during that specific award fee period. The
award fee is based on performance under three major
criteria: technical and schedule achievement, cost
performance, and business management.

b. The contractors have earned the award fees
granted to date, based on the predetermined criteria
established for each of the specific award fee periods.
The bulk of the award fee earned by Perkin-Elmer is for
technical achievement, such as the primary mirror
assembly, which exceeded specifications. Through
November 30, 1982, Perkin-Elmer earned about 52 per
cent of the available award fee and Lockheed earned
about 91 percent of the available award fee on their
contract .

c. The award fee structure for the Space Telescope
is appropriate to the type of development effort
involved, and provides equitable protection for both
the Government and the contractor. Contractors are
evaluated periodically, generally semi-annually, for
attainment of contract commitments during that specific
award fee period. The award fee is based on
performance under three major criteria which are:
technical and schedule achievement, cost performance
and business management. Since returning to the
Agency, I have grown increasingly concerned that we
maintain a proper degree of diligence in the
administration of cost-plus-award fee (CPAF)
contractors. Because of this concern, I asked my
Assistant Administrator for Procurement in December
1982 to set up a training program to reemphasize the
objectives and rationale for CPAF contracting and to
lay out some basic guidelines for proper CPAF
administration. This training program is progressing
extremely well, with training already completed at four
field centers.

QUESTION A-11 :

a. Mr. Beggs , as a result of a request from this
Subcommittee, NASA conducted a study of its Program
Management and Procurement Practices and Procedures
during the previous Administration.

b. What steps have you taken to assure that the
recommendations of this study were implemented?

c. Were the results of this study applied to the
Space Telescope Program? If not, why not?

ANSWER A-11 :

a and b. The procedures that will be used to

implement this study have been documented in a NASA
Handbook and distributed to all NASA program offices.
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of the major elements in this handbook are: a

degree of project definition should exist before a

ram is presented as a new start; a formal
nition and cost review should be conducted by a

advocate team; commitment in writing by the center
ctor and the project manager as to the resources
ired for project completion; the establishment of a

ingency fund for each project, the magnitude of

h will be a function of the assessed development
^^A „„ additional fund to be held at NASAand an

quarters to protect against scope changes affecting
runout costs.

c. The Space Telescope program was well into the
development state by the time the referenced study was
complete. However, those parts of the study which
could be applied to the Space Telescope have been or
are being implemented, i.e., adequate visibility into
contractor activities, insertion of adequate reserves,
and reexamination of project management policies and
intstructions .

QUESTION A-12 :

Mr. Beggs , why did NASA pursue an approach using
associate contractors as opposed to a prime contractor
with subcontractors?

ANSWER A-12 :

NASA was interested in obtaining the widest possible
response from all qualified bidders for the Optical
Telescope Assembly. NASA anticipated that some
potential proposers may have had unique backgrounds and
experience. The approach of using associate contrac-
tors appeared, under these circumstances, to be a good
compr om ise

.

QUESTION A-13 :

How would you characterize contractor responsiveness to
management changes suggested by NASA.

ANSWER A-13 :

In recent months, both Perkin-Elmer and Lockheed have
been very cooperative and receptive to suggestions from
NASA regarding changes to this organization.

QUESTION A-14 ;

Could you elaborate on the organizational changes which
have been made at Headquarters?

ANSWER A-14;

In order to gain more effective penetration of the
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Space Telescope program, NASA Headquarters has created
a separate line division devoted to the development of
Space Telescope. The Director of this new Division is
an experienced engineering manager. The Space
Telescope Director also occupies a second position as
Deputy Director for the Astrophysics Division to insure
that the Space Telescope operations, science, and
maintenance/refurbishment responsibilities are closely
coordinated with Space Telescope development
activities. Under the Director are three groups: the
Program Resource Analysis Group which is manned by five
people and is responsible for financial, manpower, and
schedule analysis, as well as for implementation and
maintenance of the automated management information
system; the Engineering Support Group which is manned
by seven people and is responsible for all engineering
analyses, evaluations, and recommendations regarding
technical development; and the Development and
Integration Group which is manned by four people and is
responsible for integration and test review and
coordination, formulation of recommendations on program
control and policy, and interagency activities.

QUESTION A-15 :

a. Are you aware of any contractor mischarging
which may have occurred?

b. Have you undertaken any investigations to look
for contractor mischarging?

ANSWER A-15 :

a. I am not aware of any intentional contractor
mischarging. Recognizing that recording and accounting
costs are not exact sciences, there have been
occasional disagreements between government auditors
and contractor accountants about accounting
methodologies. I believe these disagreements have been
equitable resolved.

b. We have not had reason to undertake any special
inve s t iag t ions to look for contractor mischarging.
However, NASA routinely utilizes the Defense Contract
Audit Agency resident auditors in each contractor's
plant. These auditors perform continuing audits of all
costs incurred and perform periodic and random tests of
contractor accounting practices and systems to validate
the propriety of contractor charges.

QUESTION A-16 ;

Mr. Beggs, in your revised resources projections you
are adding resources for additional systems
engineering, additional spares, and other new effort.
Additionally, the Space Telescope program has a history
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of underestimating resources for manufacturing and work
already planned.

Do your new resources estimates include additional
estimates for what I will refer to as the mainline
manufacturing and fabrication effort?

ANSWER A-16 :

The preliminary cost estimate which I gave does include
revised estimates to complete all remaining
manufacturing and fabrication effort in the development
program. We expect to complete our detailed analysis
of the revised cost and schedules by late summer or

early fall of this year.

QUESTION A-17 :

NASA is quadrupling the systems engineering effort. Is

this perhaps an overr eac t ion

?

ANSWER A-17 :

The systems engineering increases are predicted on our
best assessment of the job to be performed. As the
Space Telescope development progresses, the level of

system engineering will be reassessed for
appropriateness to the task. It should be noted that
the increase in system engineering is significantly
less than "quadruple."

QUESTION A-18 :

a. Will the current design for the Fine
Sensor meet all performance requirements?

Gu idance

b. If NASA is faced with launching in June 19 86

with a Fine Guidance Sensor with some degraded
performance of further delaying the launch for
developing a new design, what would be your decision?

ANSWER A-18:

a. The Fine Guidance Sensor hardware and associated
software, as currently designed, is expected to meet
all performance requirements. Initial testing of the
first unit in the past month has yielded positive
results which strengthen this conclusion.

b. I believe the Fine Guidance Sensor will be ready
for launch in the last half of 1986 and will meet all
performance requirements. If there were some degraded
performance, a decision to delay the launch would
strictly depend on the degree of such degradation. Of

course, such a decision would be closely coordinated
with the appropriate Space Telescope scientists.
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QUESTION A-19 :

Will all Space Telescope Computer and Data Management
Systems have the capability to be r epr ogr ammed on-
orbit?

ANSWER A-19 ;

Both the spacecraft computer, the DF224 built by North
American-Rockwell, and the scientific instruments
control and data handling computer built by IBM are
reprogrammable on-orbit. The Data Management System is
controlled by the spacecraft computer.

QUESTION A-20 ;

a. Is it desirable to be able to reprogram the Fine
Guidance Sensors on-orbit?

b. Will this capability be available?

ANSWER A-20 :

a. It is desirable to be able to reprogram the Fine
Guidance Sensor computer on-orbit, principally to
accommodate unanticipated or untested on-orbit effects,
or any other unknowns which cannot be simulated
accurately in the terrestrial environment.

b. A decision was made early in the program to
produce a Fine Guidance Sensor which was not completely
reprogrammable. The reasons for this decision were
that the firmware approach would use less power, be
less susceptible to influences of on-orbit radiation,
and would reduce operational complexity. However,
adequate flexibility for changes has been provided by
permitting on-orbit change-out of the constants and key
variable in the algorithms in the computer.

QUESTION A-21 ;

a. What is your new total cost estimate for the
development program?

b. Could you provide a breakdown of how these
additional funds will be used?

ANSWER A-21 ;

a. Our preliminary estimate for total Space
Telescope development is in the $1.1 to $1.2 billion
range. However, until we have completed a detailed
analysis of all levels of the rebaseline activities, we

will not have a firmer estimate. We expect to have

this analysis completed by late summer or early fall of

this year

.
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Mr. VoLKMKR. Thank you very much.
I have just a few questions right now and then I will submit

some others in writing. We will hold the record open for your an-

swers.
You mentioned that you learned some lessons from the space

telescope development experience. Could you give us just a brief

summary of those lessons?

Mr. Beggs. The most important lesson that we have learned

from it is a lesson we probably have to learn over and over again,

and that is that the management structure that we set up for these

programs should be both adequately designed and adequately
staffed to stay on top of the program completely during the course

of the research and development phase of the program.
I do not think we devoted sufficient attention to the need for

both systems engineering and systems management, more impor-
tantly probably the systems management aspect of it. We took on a
difficult management challenge by reason of the way we contracted

for the job. We have two associate contractors and then we con-

tracted separately through Goddard for the instruments. That is,

indeed, a difficult structure to maintain.
Mr. VoLKMER. How did that come about?
Mr. Beggs. Mr. Chairman
Mr. VoLKMER. That is a little unusual.
Mr. Beggs. It is unusual, and I am afraid I cannot discuss it in

open session, but I would be happy to discuss it with you in a
closed meeting.
Mr. VoLKMER. All right.

Mr. Beggs. In any event, it imposed on NASA the requirement
to do the systems management job, as well as a special responsibili-

ty to both monitor and to exercise the management role. I am
afraid that we did not do that in an adequate fashion, both from
the point of view of staffing and from the point of view of a man-
agement organization. We waited too long in coming down hard
when we knew problems were developing in our contractor's orga-
nization. We probably should have moved sooner on that. It was
late last year before we fully understood the magnitude of the
problem that we had, even though a couple of years earlier we had,
had a management review which had uncovered some similar
kinds of problems. The effective use of the two associate contrac-
tors was not completely carried out. We had entrusted to the Lock-
heed Co. a responsibility for systems engineering. They were not ef-

fectively used. We have, of course, sought to correct that, and I be-
lieve have corrected it now.
Of course, the fact that we had two different NASA centers in-

volved resulted in some problems, the most important of which I

think is communication. We clearly had a problem of communicat-
ing in the program.
Mr. VoLKMER. That was within NASA?
Mr. Beggs. Within NASA and between NASA and its contractors

as well as between the two contractors, all have had communica-
tion problems. I think that highlights the main issues, Mr. Chair-
man.
Mr. VoLKMER. Was there anything built into the management

system that formed barriers for communication?
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Mr. Beggs. No, not specifically. I think that the very existence of
the structure, which is complex, and the fact that our program
office, primarily at Marshall, was not staffed adequately had a
major effect.

Mr. VoLKMER. Deficient in numbers?
Mr. Beggs. Yes, sir.

Mr. VoLKMER. Were we also deficient in numbers at headquar-
ters?

Mr. Beggs. Possibly, although I do not think that was a serious
problem. I think the lack of a specific dedicated office had some
effect, and that is, of course, one of the things we have corrected by
establishing a division within the Space Science and Applications
Associate Administrator's office to manage it, which has corrected
that problem.
We had relied on a group within an existing division, but it was

not highlighted at the top level. I think that had a definite effect
on communication.
Mr. VoLKMER. How many people do we actually have at head-

quarters involved in the space telescope program?
Mr. Beggs. I will ask Sam Keller, as he is more familiar with the

history of this. In the last year—perhaps a dozen. At one point or
another, three or four people were directly involved and indirectly
probably a dozen in monitoring the program.
Mr. VoLKMER. Was there any prohibition as to the integration of

the system engineering contractor directly interacting with princi-

pal investigators and instrument contractors?
Mr. Beggs. No, no prohibition. I think, again, the structure made

that a little difficult.

One of those instruments, of course, is being built abroad. The
solar panels are also being built in Europe and being supplied to us
by ESA. I do not think that has caused a serious problem. I think
the instruments are generally in pretty good shape at this time.

I do not believe that Lockheed has been inhibited in the design of

the support systems module as a consequence of that. Their work
has progressed reasonably well insofar as that particular integra-

tion task is concerned. There do, of course, remain some unknowns
in the future as we integrate this entire instrument totally togeth-

er.

Mr. VoLKMER. Personally, I want to commend you for what you
have done on what has been brought to your attention and being
able to bring about the midcourse corrections, in the management
especially.

That is all the questions I have.
Does the gentleman from Virginia have any questions?
Mr. Bateman. Just one, Mr. Chairman, I believe.

Mr. Beggs, you have mentioned in your statement that the pri-

mary mirror has now been mounted in the ring.

Mr. Beggs. Yes.
Mr. Bateman. I think that was the terminology. "Without any

distortion." How do you test to determine whether or not that is

the case or how do you know that?
Mr. Beggs. We have a capability to test this mirror optically

throughout the very broad spectrum across which it will operate.

We have run that test, and in the ring, it meets the specification.
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Therefore, we can say without fear of being wrong that it is in the

ring and it is without distortion. When we mount it again in the

optical telescope assembly, and then that, too, has to be mounted in

the support systems module at Lockheed, we will have to check

again to insure that we have not induced any stresses in the

mirror. We have the test equipment and the capability to do that.

I am reasonably confident that the mirror and the mirror assem-

bly, both primary and secondary, are going to be fine and are going

to meet the specs. In fact, I believe they will exceed the specifica-

tions. We do have the problem of cleaning it, but we think we have
the technique for doing that.

As was mentioned earlier by the Perkin-Elmer folks, we have de-

cided to go back to the original requirement to vacuum bakeout the

various pieces and parts that surround the mirror so as to prevent
any potential contamination that could happen after it was
launched into orbit as a complete assembly. I think we are taking
sufficient precautions now to insure that the mirror will be not
only free from contamination when launched, but will remain free

from contamination during the several years that we will be oper-

ating the telescope before we bring it back to Earth for refurbish-

ment.
Mr. Bateman. As frequently is the case, I am almost awestruck

that you can say with certainty that this will happen when you are
dealing with a device that is going to be looking millions of miles
into space, that you can examine it in a cleanroom
Mr. Beggs. This is going to be a splendid instrument. The as-

tronomers who are now working with us, literally from all over the
world, are quite happy with what we have done to date. They have
reviewed it. We just had a group of the scientists take another look
at it.

The one problem that remains is to insure that we have a fine

guidance system properly designed so that it will do the job that it

is intended to do. It is, indeed, a very, very challenging job. We are
going to be tracking down to seven one-thousandths of an arc
second. Someone described it as a dime as viewed from Boston to

Washington. It is a very, very fine job that we are attempting to

do, and we will not know the answer to that until the first engi-
neering model is delivered this summer and tested.

Mr. VoLKMER. In that regard, if the gentleman will yield a
minute
Mr. Bateman. Sure.
Mr. VoLKMER. Let's say that we are faced with a position that

the fine guidance sensor does not perform to the extent that would
be required in order to do what we want to do. We would be faced
then, would we not, with developing a new design, delaying the
launch, or going ahead with
Mr. Beggs. I do not believe so, Mr. Chairman. We have posed

that question to our astronomer friends. The question goes some-
thing like this: We feel reasonably confident—and we have re-

viewed this very carefully technically—that we can achieve fine
guidance close to that 0.007 arc second requirement. If we have a
problem, it will be a problem that we do not quite make that speci-

fication, and the impact of that on the observations will be that we
will not be able to track very accurately very distant objects or
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very, very faint objects, which of course is one of our objectives.
The astronomers say, faced with that, they would still opt to go
with the slightly less accurate system because it would give them
90 or 95 percent of what we are looking for, and then when we go
to refurbish the instrument, we can develop a better system and
install it at that time. That is my view. Both Dr. Mark and myself
have reviewed the progress that we have made to date on that.
What you are using is two guide stars of 14.5 visual magnitude,

and that is an exceedingly dim, faint star. Those prisms that the
Perkin-Elmer people were talking about have to have very, very
sharp edges, because you are actually splitting the light beam from
that very dim, faint star. We have reviewed it very carefully, as
have a number of others in the NASA organization. It is our view
that it has a reasonably good chance of achieving that perform-
ance, but if we miss, we will miss as a matter of degree, not in to-

tality.

Now, we are looking at a possible alternative system, must with
an abundance of caution. We also have the Applied Physics Labora-
tory at Johns Hopkins examining another system. As I say, if we
do not quite make the full accuracy, we would proceed with a par-
allel system, with the objective of installing it later, after we had
had the telescope in operation.
Mr. VoLKMER. Does the gentleman from Virginia have any addi-

tional questions.

Mr. Bateman. One last question.
Mr. Beggs, in a contract of this kind, while there may have been

peculiarities in this one, there are many common points, I am sure,
with many sophisticated R&D contracts, in that there are technical
changes, unforeseen delays, optimism as to how easily technologi-
cal problems can be resolved, and this calls for extensions of time,
allowances of larger funds.
As a matter of policy—or is it a matter of policy that when this

becomes necessary you do look at the baseline inflation projections
the original contract was based upon to see if it has not been as
egregious as was feared, adjustments running to this side of the
table can be made?
Mr. Beggs. We tried to anticipate technical problems in several

ways. The most important, of course, is that we do put into our es-

timates a reserve for contingencies. The budget cycle does impose
some constraints on the degree that we can do that when we run
into problems because, generally speaking, we are setting budgets 2

years ahead of the time that we spend the money.
In every case that I have reviewed in the history of this program

we have taken the best estimates that we have been able to get

from our contractors. We have added a program contingency re-

serve to those estimates, and we have put that in the budget. This

was not a case of trying to hedge or slice or pare the estimates that

our contractors made. We took what they considered their honest
estimates and used those.

Unfortunately, as we started to develop trouble, it kind of cascad-

ed on us. The slip in schedules at Perkin-Elmer meant that \we had
a slip in schedule at Lockheed. The consequence of that was that

the costs on both contractors went up as a function of time. There-

fore, our estimates were continually running behind what the
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actual situation was turning out to be. Our reserves were not ade-

quate, in spite of the fact that as recently as September of last

year, we thought our reserves would be adequate to cover this. The

current funding problems only came to light in the December-Jan-

uary time period. As I think Mr. Fordyce said, the dimensions of

their problem only came into focus in the Christmas holidays. It

got to me right after the new year. We immediately went to work

to understand the dimensions of the problem and then we notified

the committees as well as the 0MB that we had a problem.

We are still in the throes of getting our hands around that. I said

$1.1 billion to $1.2 billion is our best estimate. I really cannot

narrow it any more than that right now. It is a function of time,

and we will need to nail down the end date. Once we do that, we
will be able to give you a fairly accurate number.

Mr. Bateman. Mr. Chairman, that is all the questions I have.

You mentioned the record might remain open.

Mr. VoLKMER. If you have additional questions, you may submit

them to any of the witnesses in writing.

I would just like to say thank you, Mr. Beggs, for being here.

When you do come up with the additional costs, if it is possible, I

would like to see a breakdown as to what costs can be attributed to

keeping this marching army of people in place for the additional

time that we are going to have.

Mr. Beggs. Yes, sir.

Mr. VoLKMER. I would like to have those figures, also.

Mr. Beggs. We will do that.

[The information follows:]

At this time, we have not yet completed our rebaselining activities. We will pro-

vide a breakdown of the requested costs to the subcommittee as soon as they are

available.

Mr. VoLKMER. Thank you very much.
Mr. Beggs. Thank you, sir.

Mr. VoLKMER. The subcommittee will stand adjourned.

[Whereupon, at 5:04 p.m., the subcommittee adjourned.]
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